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very generally believed that the heart muscle seriously in- 
jured pneumonia and that heart failure from this source 
frequent cause death this infection. 

The experiments presented this communication show that the 
cardiac ventricle from dogs that have died from pneumonia con- 
tracts well the ventricle from healthy dogs, provided the 
pneumonic muscle fed with normal blood. When normal ven- 
tricle fed with pneumonic blood, the contractions are much im- 
paired. If, however, the ventricle from dog with pneumonia 
fed with pneumonic blood, the contractions are almost normal 
extent and may normal duration. 

Thus pneumonia the heart muscle essentially normal, whereas 
the pneumonic blood distinctly poisonous heart muscle sud- 
denly fed with it. the body, during the gradual course the 
disease, the blood progressively affected and the heart muscle 
gradually adjusts itself the poison, with striking success. 


Method. 


The experiments consist four series ten dogs each. the 
first, the normal ventricle was fed with normal blood; the sec- 
ond, the pneumonic ventricle was fed with normal blood; the 
third, the normal ventricle was fed with pneumonic blood; the 
fourth, the pneumonic ventricle was fed with pneumonic blood. 

Aided grant from the Dalton Scholarship the Massachusetts Gen- 


eral Hospital. preliminary abstract the conclusions reached this investi- 
gation was published the Boston Med. and Surg. Jour., 1915, clxxii, 718. 
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The contractions the heart muscle were recorded method 
devised Porter The dog anesthetized with ether 
(no morphin), bled from the carotid artery, the blood defibrinated 
and filtered through glass-wool. Meanwhile, warm normal saline 
solution® allowed flow into the crural vein. After short 
interval, the dog bled again from the carotid artery and the blood 
defibrinated before. The heart now rapidly removed and 
placed still beating beaker filled with warm saline solution. 
Often the beats are vigorous that the heart with each ventric- 
ular systole springs more than inch from the bottom the 
beaker. Thus the organ self-cleansed from blood. cannula 
now tied into the branch the left coronary artery supplying 
the area the contractions which are studied, and the part 
the left ventricular wall supplied the artery cut out. The 
cannula bearing the attached ventricular segment filled with de- 
fibrinated blood and joined glass tube containing defibrinated 
mercury. This tube surrounded with larger glass tube 
through which warm water circulated keep the blood the 
desired temperature. adjustable clamp supports the coronary 
cannula and thus the attached heart muscle suitable position. 
bent hook passed through the lower end the muscle and 
attached light lever magnifying five times. The contractions 
are recorded kymograph moving mm. per hour (Fig. 1). 
The defibrinated blood all our experiments was diluted with 
twice its bulk normal saline solution. 

The work done the ventricular muscle was judged (1) 
the length the period during which the heart contracted, and (2) 
the total area the contractions. The curves, illustrated 
Fig. were laid upon glass plate illuminated from below with 
electricity. Over the curve was placed card and the total area 
the curve was carefully traced upon this card. The area was 
then cut out with scissors, placed with the other contraction areas 

2Porter, T., Jour. Boston Soc. Med. Sc., 1897, 15; Jour. Exper. Med., 
391; Am. Jour. Physiol., 1898, 


Sodium chloride, 9.00 gm.; calcium chloride, 0.26 gm.; potassium chloride, 
0.10 gm. 1,000 cc. water. 
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its own group and the entire group weighed good balance. 
The cards used were uniform thickness. The small errors made 
tracing the areas and cutting them out were 
those falling above the true value were compensated those fall- 
ing below it. Ventricular strips from large hearts sometimes give 
higher contractions than the strips from small hearts, thus influ- 
encing the contraction area. there were ten hearts each 
group, compensation took place here also, and there reason 
doubt that for the purpose comparing contraction areas 
groups ten the method substantially accurate problem 
which only marked similarities and differences are value. 

When kymograph moves slowly that the contractions the 
slowest heart series are fused, the contractions more rapid 
heart will overlap. such case, the fused curve from the more 
frequently contracting heart will contain more contractions and 
should thus express more work than the fused curve equal 
height from the less frequently contracting heart. But under these 
circumstances, the more frequently contracting heart will conceal 
its extra work and the two curves, although equal area, will not 
equal work done. our experiments, this error does not 
affect the main conclusion, because the great majority the ven- 
tricles beat nearly the same rate, about per minute. The rel- 
atively infrequent variations were chiefly Series III, which 
normal ventricles were fed with pneumonic blood, which seemed 
make some them more irritable. Such ventricles beat more 
rapidly than 55; their contractions, however, were increased 
force well frequency, giving higher contraction area and 
thus compensating part for overlapping. the most, the error 
from occasional overlapping disappears comparison with the 
wide difference performance between the normal ventricle fed 
‘with normal blood and the normal ventricle fed with pneumonic 
blood. 

The organism employed was the Bacillus (Fried- 
lander) obtained from the stock culture the Bacteriological Lab- 
oratory the Harvard Medical School through the kindness 
Dr. Sisson. was passed through three guinea pigs increase 
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its virulence such degree that cc. broth culture injected 
into the peritoneum killed guinea pig twelve vir- 
ulence was kept this point occasional passage through addi- 
tional guinea pigs. Broth cultures incubated from eighteen 
twenty-four hours were used for injection into the trachea. The 
dose was cc. per kilo. 

The culture was administered The dog was given 
subcutaneously from 0.5 1.0 cc. per cent solution mor- 
phin sulphate that might not cough the culture. From 
thirty sixty minutes later, the dog was placed the operating 
table, etherized, the jaws held open assistant, the tongue 
drawn forward and upward, the epiglottis drawn forward, and 
tube passed through the glottis into bronchus, usually the right 
bronchus. The culture was then forced through the tube with 
syringe, and the dog was taken from the table and placed sick 
room await the disease. Many the dogs were the point 
death early eighteen hours after the inoculation. 

six the ten experiments which the pneumonic heart was 
fed with normal blood, the dogs were allowed die the disease, 
forestall critics who might say that the dogs could not have been 
very one the remaining four, the temperature had fallen 
38° C., and the respiration was very rapid and labored; the 
second the four was entirely insensible pain; the temperature 
the third had fallen from 40° 36° C.; and the fourth was 
coma with temperature 32° 

the ten experiments which the normal ventricle was fed 
with pneumonic blood, the normal ventricle was taken from ten 
healthy dogs and the pneumonic blood from ten dogs that stage 
the disease that just precedes death. The temperature these 
animals had begun the fatal descent which dogs with pneumonia 
the precursor the end. had been 40° 41° C., and the 
operation was performed when the temperature had fallen 38° 
37°, sometimes low 34°. Five the dogs were com- 
plete coma; these dogs were entirely insensitive pain. 

the ten experiments which the pneumonic heart was fed 


V., and Meltzer, J., Jour. Med., 1912, xv, 133. 


— 

BE 
‘ 


Newburgh and Porter. 127 


with pneumonic blood, the blood each animal was used for its 
own heart preparation. nine these animals, the fatal descent 
temperature had begun. Six them. were entirely comatose. 
The tenth dog this series was not used until the respiration had 
ceased and the pulse was absent from the exposed carotid artery. 
The dog was thereupon revived with normal saline injections and 
artificial respiration until the blood had been withdrawn and the 
heart extracted. every experiment upon pneumonia dog, 
autopsy revealed extensive consolidation the lung. 


Observations. 


TABLE 


The Average Duration Contraction and the Total Weights the Contraction 
Areas Four Series Ten Dogs Each. 


Tot.1 weights* 


Average duration of contraction 

contractions. areas, 

min. gm. 

Series Normal ventricle fed with normal blood... 181 8.84 

Series Pneumonic ventricle fed 8.46 

Series III. Normal ventricle fed with pneumonic blood 3.40 
Series IV. Pneumonic ventricle fed with pneumonic 


Each contraction area was cut out thin card. These cards were 
uniform thickness, and 3.5 sq. cm. card weighed 0.1 gm. 

clerical error, this figure was given 200 minutes the abstract pub- 
lished the Boston Med. and Surg. Jour. (Newburgh and Porter, cit.). 


The forty experiments which our conclusions are based are 
presented Table once evident that the results Series 
and are identical. The pneumonic ventricle fed with normal 
blood contracts long and vigorously the normal ventricle. 
Series III the normal ventricle fed with pneumonic blood, under 
which condition the duration contraction and the contraction 
area are little more than one-third the normal value. Series IV, 
which the heart fed with pneumonic blood which 
had been exposed during the course the disease, the duration 
contraction but per cent, and the area contraction per 
cent less than normal. 
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CONCLUSIONS. 


The heart muscle not functionally impaired pneumonia, 
since the pneumonic ventricle beats normally soon its food 
normal. 

Pneumonic blood, suddenly fed normal heart muscle, low- 
ers its efficiency, lessening the duration and the area contraction. 

The heart muscle pneumonia, exposed gradually the 
action the poison, largely adjusts itself its poisoned food. 


EXPLANATION PLATE 22. 


Fic. Original size. Experiment May 17, 1915. Contractions the 
part the left ventricle supplied the first portion the circumflex branch 
the left coronary artery. The preparation was perfused with defibrinated 
blood mixed with two parts normal saline solution. The blood was from 
healthy dog. The lever magnified five times. May 16, cc. broth 
culture Friedlander’s bacillus were injected into bronchus. May 17, m., 
the temperature was 41° the temperature was 38°, the dog was 
completely insensible, and ether was required during the operation. 
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6.55 p.m. 


9.45 m. 


(Newburgh and Porter: The Heart Muscle in Pneumonia.) 
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Considerable progress our understanding the metabolism 
protein digestion has been made possible recent years due 
largely microchemical investigations carried out Van Slyke 
(1) and Folin(2), and means the ingenious vividiffusion 
apparatus Abel, Rowntree, and Turner (3). 

There has been, however, corresponding investigation the 
serum ferments which might involved during the process, pos- 
sibly because the lack suitable quantitative method esti- 
mating the amount protease the serum. Neither the optical 
nor the dialysis method Abderhalden are value for such 
work, for apart from several objections theoretical nature, 
which have reviewed former paper (4), they are incon- 
veniently cumbersome, and the dialysis method particularly 
open the serious objection that not the introduced protein 
(placenta, tumor tissue, etc.) which digested, but that the fer- 
ment acts the serum proteins. introduced substrate there- 
fore adds unnecessary complication and confusion. 


Method Determining Protease Action. 


The method which have used based the following con- 
siderations. When serum antiferment removed means 
lipoid solvents, chloroform, ether, etc., whatever protease pres- 
ent can become active and digest the serum proteins (5). If, there- 
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fore, the amount non-coagulable nitrogen determined both 
before and after incubation, the difference amount will 
index protease action. The nitrogen determinations can 
made with great facility the Folin Van Slyke method. 
have noticed, however, that under chloroform the increase amino- 
acids need not proportion the amount non-coagulable 
nitrogen found, the chloroform evidently offering insult the 
true proteases, while the ereptase action may retarded. 

The normal activity protease has been assumed lytic, 
while the synthetic action the ferment has not been demon- 
strated. Few observations have been made this direction, the 
idea being held that the synthetic process more intimately con- 
nected with the function the individual cell. Theoretically 
there is, course, reason why proteosynthesis should not 
occur the serum; indeed, seems rational that such ferment 
activity must functionating when the serum proteins are formed. 

The technique used follows: The clear hemoglobin-free serum meas- 
ured with accurate cc. pipette into rather wide test-tube (about mm.). 
the tube 0.5 0.75 cc. chloroform added and the tube sharply shaken, 
intervals, until milky emulsion formed. prefer chloroform because 
the emulsion more stable than with ether other lipoid solvents. control 
tube inactivated 60° for minutes and drop toluol then added 
place chloroform. Both tubes are then incubated over night (15 
hours 37°). the morning about cc. mixture per cent acetic 
acid plus per cent salt solution added, and the tubes are then gently warmed 
water bath until the chloroform has been evaporated. About cc. 
distilled water are then added slowly and the tubes boiled for least minutes. 
The coagulated protein filtered off means hard filter papers, previously 
moistened, the filtrate being permitted filter directly into the large tubes used 
for oxidizing. The tubes are then oxidized and Nesslerized according the 
usual Folin method, the readings being made against varying dilutions the 


mg. standard, that test readings are made against standard apparently 
equal color. 


Whenever possible made duplicate determinations each 
serum obviate any error. When properly made the difference 
any two readings should not exceed few hundredths mg. 
per cc. serum, degree accuracy sufficient for the work. 
for example, the total non-coagulable nitrogen per cc. serum 
proved 0.32, and after incubation, has increased 0.45 mg., 
the protease activity can expressed 0.13 mg. per cc., and has 
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been designated the accompanying text-figures. The pro- 
teins are not precipitated alcohol, the usual Folin method, 
because wish determine the increase higher splitting 
products the proteins well the amino-acids. pre- 
cipitating with alcohol the higher split products would, course, 
retained the filter. The non-coagulable nitrogen which 
determine therefore not quite analogous the non-protein nitro- 
gen determined the Folin method. 


Method Determining Serum Esterase. 


Serum esterase has been determined follows: cc. the serum, cc. 
neutral, redistilled ethyl butyrate and 0.5 cc. toluol are added, the volume 
being brought cc. with physiological salt solution. The flasks are then 
shaken 100 times and incubated for hours. cc. neutral per cent alcohol 
are then added each flask and the acidity which has developed titrated 
with sodium hydrate (alcoholic) faint pink with phenolphthalein. 
After deducting the proper controls, ¢., serum alone, ethyl butyrate alone, etc., 
the esterase index expressed terms cc. N/100 sodium hydrate used 
neutralize the acidity developed cc. serum from cc. ethyl butyrate. 


The antiferment has been determined the method described 
our previous papers (5). 

Healthy adult dogs have been used exclusively. Blood was 
taken from the ear veins before feeding, and the animals were 
then fed with chopped boiled meat and bread. They were permit- 
ted eat much desired. water was given until the fol- 
lowing day. Blood samples were usually taken noon, and 
and the following morning. 


EXPERIMENTAL. 


Dog 1.) Fed 9.30 Bled 8.30 m., noon, and 
m., m., and the following morning. will noted from the chart that 
the antiferment index dropped rather sharply, rose again m., and re- 
mained fairly constant after that time. The non-coagulable nitrogen increased 
from 0.45 mg. per cc. 0.5 mg. noon and m., after which time con- 
tinued decline. 

The protease action which was 0.35 mg. per cc. before the meal had decreased 
0.25 mg. noon, and both and was negative. The serum 
incubation this time showed actual decrease non-coagulable 
The serum taken 9.00 m., and that the morning showed almost the orig- 
inal protease index. Lipase was not determined. 
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and the following morning. this animal there was well marked rise the 
antiferment index, which persisted till the following morning. The non-coagu- 
lable nitrogen showed striking increase, reaching more than twice the original 
date the same animal with quite similar Thinking that possibly 
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kidney lesion might fault, view the repeated observation renal 
pathology reported dogs, the urine was tested for albumin and casts; and the 
kidneys were examined histologically with entirely negative results. 

The serum showed increase protease noon, after which protease 
action was found. The blood drawn m., and containing 0.9 mg. non- 
coagulable nitrogen per cc., when incubated with chloroform, showed decrease 
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0.5 mg. per cc.; loss 0.4 mg. per cc. The lipase showed slight 
decrease. 

Dog 3.) Fed 9.30 m.; relatively small feeding. Bled 

The antiferment index remained constant for the first two samples and 
showed slight decline The lipase remained constant throughout. 
The non-coagulable nitrogen showed marked increase, will noted 
Table 


TABLE 
| 
fter incubatin i 
*| form 16 hrs. nitrogen. f nitrogen, 
mg. mg. mg. mg. mg. 
0.22 
0.31 
0.39 


The protease action decreased progressively, although did not 
fall quite low level other experiments. 

When the serum, instead being inactivated 60°, was per- 
mitted remain under toluol (0.5 cc.), will noted that for 
the first sample there was change, while both the other 
specimens serum distinct decrease non-coagulable nitrogen 
occurred. 

Estimation Proteoses. 


order determine the nature the increase the non- 
coagulable nitrogen, which was not due increase urea, 
estimated the amount proteoses follows: 

cc. serum, acetic acid and salt were added and the coagulable pro- 
teins removed filtration after acidifying and boiling for minutes. The 
clear fluid was now neutralized and permitted stand until whatever acid albu- 
minates were present had been precipitated. was again filtered and the 
material placed dialyzing bag under toluol. After hours, depending 
upon the rate dialysis, and having been freed from all urea and other dif- 


fusible nitrogenous substances, nitrogen determinations were made the mate- 
rial remaining the dialyzing membranes. 


place dialyzing have made direct determinations pre- 
cipitating all the proteoses saturating the boiling filtrate with 
sodium sulphate. The precipitate collected the filter while hot 
washed with saturated solution sodium sulphate and then 
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washed through the filter with water made slightly alkaline with 
sodium carbonate. Nitrogen determinations are made the pro- 
teoses dissolved. rule, the figures obtained after dialyzing 
are slightly higher than those obtained this method. 


Serum ferments and antiferment index after feeding. 


Text-Fic. Serum ferments and antiferment index after feeding dog 
with pancreatic insufficiency. 


the following experiments somewhat larger amounts blood 
were withdrawn means the suction pump from the ear veins 
(about cc. blood) before and after feeding. The animal was 
usually anesthetized after about six seven hours and blood samples 
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were removed from various parts the circulation. these ex- 
periments frequently happens that the terminal blood collected 
may contain proteases unless taken prevent handling 
the intestine and any unnecessary trauma, for blood taken dur- 
ing such conditions, well agonal blood under any circumstances, 
always contains proteases. This shown the following experi- 
ment. 


Dog feeding 9.00 Bled before feeding and 1.15 
Killed 3.30 (Table IT). 


TABLE II. 
Serum, Non-coagulable chloro- non-coagulable nitrogen per 
nitrogen per form. nitrogen. cc. serum, 
mg. mg. mg. mg. 
Inferior vena 0.22 0.5 0.28 
0.22 0.35 0.13 


This experiment differs from the others that there decrease 
non-coagulable nitrogen, made evident also the decrease the 
non-dialyzable nitrogen, shown the last column. The animal, 
furthermore, was without protease the serum the beginning 
the experiment, but showed the presence the ferment when killed. 
Inasmuch the ferment was found all the samples and not only 


TABLE III. 
Increase in non- 
ltrogen per cc, mination). after incubating 
under chloroform. 
Dog mg. mg. mg. 
cc. 
Protein 
ted alcohol 
0.34 0.215 0.43 
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the portal blood, which the concentration, the following 
experiment will show, usually greatest, believe that the fer- 
ment present was due trauma incident the collection the 
samples and possibly agonal condition. 

The non-coagulable nitrogen usually greatest the portal blood, 
shown Table III, taken from specimens two dogs. 

evident that only part the increase non-coagulable nitro- 
gen due increase amino-acids. 

The following experiment (Table IV) shows that there in- 
crease the higher split products (primary and secondary proteoses 
the serum. 

Dog food for hours. Large feeding meat and milk 


TABLE IV. 
D 
on- of non- ecrease 
per cc, under nitrogen. 
chloroform. 
mg. mg. mg. mg. mg. 
0.31 0.50 +0.1 0.25 0.06 0.17 0.0 
0.38 0.30 —0.08 0.3 0.08 0.15 0.3 
Arterial.... 0.45 0.43 —0.02 0.38 0.07 0.09 0.5 
Inferior 
venacava| 0.37 0.34 —0.03 0.34 0.03 0.3 
Portal..... 0.45 0.51 +0.06 0.25 0.2 


will noted, there distinct increase non-coagulable 
nitrogen after the feeding, while the serum protease, originally 0.19 
per cc., drops all the samples, although the portal blood still shows 
some protease action. When preserved under toluol this serum 
shows the greatest decrease non-coagulable nitrogen. The pro- 
teoses, estimated the direct precipitation with sodium sulphate, are 
decreased throughout. interesting note that the hepatic 
blood contained lipase. 

The increase amino-acids after feeding has previously been 
noted, and Van Slyke, Cullen, and McLean (6) have recently dem- 
onstrated increase urea the blood after feeding. are 
rather inclined assume that some the increase non-coagulable 
nitrogen must due the lower dialyzable split products other than 
amino-acids. certain pathological conditions Pribram (7) has 
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noted increase non-dialyzable protein split products; this es- 
pecially true during anaphylactic shock, shall show later 
paper. 
Occlusion the Pancreatic Duct. 
Dog 26.—(Text-fig. 4.) The animal was operated Feb. 11, 1915, the pan- 
creatic duct ligated, and bile salts were injected into the pancreatic duct. The 


animal recovered from the acute pancreatitis produced. Feb. was 
used for the feeding experiment, and was killed the following day. The pan- 


PROTEASE 
10M, 


Average change non-coagulable nitrogen and serum protease 
after feeding. 


creatic duct was found completely occluded and the pancreatic tissue showed 
marked evidences chronic inflammation. The animal was fed 9.30 
and bled 9.00 m., noon, and m., and the following morning. The 
animal ate very large meal and showed obvious evidence discomfort and 
distress after the feeding. 


The antiferment index showed slight drop and following recovery. The 
esterase showed rather marked fall. The relation the non-coagulable nitro- 
gen and the protease are typical and similar those normal animals. 


The Non-Coagulable Nitrogen the Serum. 


composite chart (Text-fig. made from eight feeding experi- 
ments shows very distinct increase the non-coagulable nitrogen 
the serum, reaching maximum about five six hours after the 
feeding. Holweg (8) has recently shown that this increase due 
partially increase urea, while the change amino-acid and 
albumoses not and numerous other workers 
with the dialysis method have called attention the fact that for the 
Abderhalden test the serum should drawn before meal order 
overcome the presence split products and non-specific ferments 
the blood stream. several previous papers Abderhalden had 
denied the presence split products proteins the serum. The 
increase amino-acids determined the Van Slyke apparatus 
very slight, except the portal blood, but nevertheless have 
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found constant. the other hand, there increase 
proteoses. Whether not there increase peptone have 
not determined. 

Serum Protease. 

The protease curve Text-fig. indicates marked fall 
the amount ferment present the serum after feeding. 
view the fact that proteolytic ferments have been demonstrated 
the urine after feeding, the tryptase reaching its maximum 
from six seven hours, these results were quite contrary our 
expectations. Inasmuch the serum reaction under chloroform 
slightly acid, have several times altered the reaction one 
slightly alkaline, but have not been able show increased pro- 
teolysis this way. remembered, however, that are 
here dealing with true protease and not ereptase, the latter being 
the ferment most frequently tested for the urine. 

While this decrease protease has usually been noted the pe- 
ripheral circulation, the portal blood may the same time show 
increase ferment, illustrated the following experiment 


(Table V). 
Dog 34.—Fed 8.30 a.m. Bled 8.45 and 3.30 


TABLE 
Total Non-Coagulable Nitrogen per 
mg. 
Protease. Increase Non-Coagulable Nitrogen Standing. 


The increased amount ferment the portal blood evidently 
does not pass the liver. possible that the portal blood 
large amount split products proteins are present which might 
offer available substrate for ereptase rather than tryptase action. 
The absorption free tryptic ferment from the normal intestinal 
tract must small amount, for the ferment rapidly bound 
the proteins present, that even the actively digesting intestine 
the amount free ferment not large. 
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Whether the decrease non-coagulable nitrogen noted in- 
cubation various these experiments depends any actual syn- 
thesis coagulable proteins upon purely experimental manipu- 
lation will discussed fully later paper. 


Serum Antiferment. 


The average antiferment index following feeding shown 
Text-fig. The increase, previously noted, being coincident with 
increase split products the serum was supposed lend sup- 
port the view Rosenthal that the antiferment was due pro- 
tein split products. 

This increase not uniform all animals. While some there 
very sharp rise, others may remain unaltered even show 


ANTITRYPTIC INDEX 
100 % 12 


Text-Fic. Average change antiferment titer after feeding. 
Text-Fic. Average change lipase after feeding. 


decrease. The increase probably due increase unsatu- 
rated lipoids, subject which have previously discussed (5). 


Serum Esterase. 


The increase serum esterase very slight amount, the 
average for the experiments (Text-fig. rising from 0.9 cc. 
sodium hydrate 1.2 cc. after three hours. When samples are col- 
lected various parts the circulation, the blood from the hepatic 
veins usually contains less ferment than from other sources, indi- 
cating that the source the ferment probably not the liver. 
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CONCLUSIONS. 


After feeding, increase non-coagulable nitrogen the 
serum can determined, reaching maximum about six hours. 

This increase greatest the portal blood and partially 
due increase amino-acids. There increase proteoses. 

There usually progressive decrease serum protease, 
reaching minimum after from five seven hours. 

The portal blood may show unaltered increased 
amount protease. 

The serum antiferment shows slight increase, but subject 
considerable fluctuation. 


The serum lipase (esterase) shows slight increase, reaching 
maximum after three hours. The hepatic blood usually contains 
the lowest concentration lipase. 
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extended series papers Kirchheim (1) has studied the question 
the toxicity trypsin both its local and general effects. The resistance 
living tissue the local effect trypsin has also been studied 
(2) and Marie and Villandre (3). Kirchheim called attention the simi- 
larity trypsin intoxication anaphylactic and peptone shock. determined 
that the toxicity was destroyed when the ferment was inactivated heat and 
that the fresh pancreatic secretion was not toxic unless activated enterokinase. 
concluded therefrom that the toxicity was not due admixed protein split 
products. order determine whether the toxicity depended upon the effect 
the ferment directly the living cell, whether split products were first 
formed from soluble proteins, this way leading indirect intoxication, 
Kirchheim tried the effect the ferment directly spermatozoa. Since 
found, however, that the spermatozoa were injured neither the ferment nor 
split products produced the action the ferment, Kirchheim drew 
definite conclusion. his work the serum antiferment Kirchheim showed 
that both theories held (split products the serum, and true antibody forma- 
tion) were erroneous. Incidentally noted that chloroform rendered the 
serum albumin more digestible trypsin. 


view the similarity trypsin intoxication anaphylactic 
and peptone shock have undertaken series experiments 
determine the effect the ferment when injected into the blood 
stream dogs. The trypsin used was either commercial pancreatin 
(for intestinal injection) purified according the method previ- 
ously described (4). The latter ferment was very active and when 
dried retained its strength unimpaired. The serum ferments were 
titrated according the method described fully previous paper 
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(5). Dogs medium weight (five nine kilos) were used 
throughout. 
EXPERIMENTAL, 


Dog 1.) Weight 5.5 kilos. 0.27 gm. purified trypsin was 
dissolved cc. normal saline and injected intravenously noon. The 
animal became il! immediately, cried with pain, and was nauseated. Bled after 
minutes, and m., and the following morning. will noted from 
Text-fig. there was immediate rise serum protease, the blood taken 
minutes after the injection digesting slightly more than 0.6 mg. nitrogen 


TEMPLLEUCO- 
12 6PM. 6AM. 12 6PM. 6AM. 


Text-Fic, Effect trypsin injection the serum ferments and antifer- 
ment titer. 


from serum proteins per cc. The maximum effect was noted after hours, fol- 
lowed gradual decline. The non-coagulable nitrogen showed gradual 
decrease, with increase after hours. The antiferment index fell imme- 
diately, recovered gradually, and increased after hours, after which the orig- 
inal titer was reached. 


ANTITRYPTIC INDEX 
1007, 
PROTEASE 
LIPASE 
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The lipase curve shows striking rise, this being progressive for hours, 
after which the amount lessened, but remains high level during the fol- 


lowing day. 


There was marked leucopenia immediately following the injection, followed 


leucocytosis for the next hours. 


noted after hours. 


The maximum rise temperature was 


similar experiment shown Text-fig. 
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ment titer. 


Effect subcutaneous injection trypsin the serum fer- 


ments and antiferment titer. 


Injected 0.1 gm. very active 


trypsin 10.55 a.m. Bled and and the following morning. 


Dog 14.—(Text-fig. 2.) Weight 9.4 kilos. 


this experiment the increase protease was not noted immediately after 
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injection, but only the time the second bleeding, when the maximum was 
reached. The lipase, too, showed immediate change, but remained constant, 
showing marked increase The antiferment, instead showing 
immediate decline, rose first, and the fall was noted only during the afternoon. 
The temperature and leucocyte count were similar those the previous 


animal. 
Text-fig. illustrates similar experiment. 


x 
INJECTION 
ANTITRYPTIC AT 9.30 


x 


INJECTION 


Text-Fic. Effect trypsin injection sérum ferments and antifer- 
ment titer. 
Effect inactivated trypsin injection. 


Dog 35.—(Text-fig. 3.) Weight kilos. 0.2 gm. active trypsin prepa- 
ration was given intravenously 9.30 The animal became quite ill, the 
temperature reaching 105° The rise the protease the serum was imme- 
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diate. The antiferment dropped quite markedly. The animal showed rise 
lipase. The non-coagulable nitrogen rose almost immediately and remained 
high for hours. 


Inactive Trypsin. 


According Kirchheim, his inactive trypsin preparations were 
non-toxic the animals which used (guinea pigs and rabbits). 
our experiments have not been able confirm this finding. 
Inasmuch this method the question whether the ferment 
toxic because its ferment property, because its inherent 
toxicity proteose, decided, have repeated our ex- 
periments under various conditions and with several different tryp- 
sin preparations. have without exception found the inactivated 
ferment toxic for dogs, indicated the resulting malaise and the 
effect temperature and leucocyte count. The effect the fer- 
ments the serum shown the accompanying 


Dog a.) The same trypsin preparation was used before, 
but inactivated boiling for minutes after alkalinizing with sodium carbo- 
nate. 0.2 gm. was given intravenously 10.15 a.m. The animal became ill and 
showed temperature and leucocyte count similar that following the active 
trypsin injection. The antiferment showed slight rise followed drop, 
with recovery the following day. The protease, which was high the beginning 
the experiment, showed progressive decline. The non-coagulable nitrogen 
increased after hours, with the active preparation. The lipase showed 
practically change. 

Dog 4.) Weight 5.7 kilos. 0.25 gm. inactivated trypsin 
was injected This animal responded with picture intoxication 
similar that produced the active preparation. The temperature and leuco- 
cyte curve are typical. There was distinct fall the antiferment, followed 
gradual recovery. There was moderate rise the serum lipase. The 
serum protease showed slight increase, with following decline zero the 
next day. The non-coagulable nitrogen, with the exception slight initial 
rise, remained unchanged. 


Subcutaneous Injections. 


the dose, instead being brought directly into the blood stream, 
injected subcutaneously, there are apparent toxic effects far 
the general condition the animal concerned. Such ex- 
periment follows: 

Ishiwara (abstracted Med. Jour., 1915, xxxiv, 19) has re- 


cently noted the toxicity inactivated trypsin and considers due the pres- 
ence diamino-acids. 
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Dog a.) gm. active trypsin was injected subcu- 
taneously 10.15 (the intravenous dose shown Text-fig. 2). The 
temperature the animal remained practically unaltered; the leucocyte count 
increased gradually. The antiferment curve showed rather marked fall, with 


© 


Text-Fic. Effect inactivated trypsin serum ferments and antifer- 
ment titer. 


increase the following day. The protease was unaltered until the following 
morning when slight increase was noted. The lipase showed slight decrease. 


Gastric Absorption. 


When pancreatin introduced into the stomach there practically 
increase the ferments the serum, the introduced ferment be- 
ing probably destroyed before the duodenal tract reached. The 
following experiment illustrative. 
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Dog 5.) gm. commercial pancreatin was dissolved 
cc. water and injected into the stomach 9.30 Bled 10.00 and 
m., 1.30 and 4.00 m., and the following morning. There resulted 
gradual rise temperature and leucocyte count, and rather marked fall 
antiferment, with rapid recovery, was noted. The lipase remained constant. 
The non-coagulable nitrogen showed first slight decrease, followed rise 
the afternoon. The protease, which fell zero after injection, reached the 
original titer the afternoon, but declined the following morning. 


Aare 


Text-Fic. Effect gastric absorption pancreatin serum ferments 
and antiferment titer. 


Effect intestinal absorption trypsin serum ferments 
and antiferment titer. 


ments and antiferment titer. 
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Intestinal Absorption. 


order determine whether toxic effect the ferment could 
result from intestinal absorption the following experiment was un- 
dertaken which the dissolved ferment was injected directly into 
loop the small intestines. 


Dog a.) The animal was anesthetized and loop small 
bowel isolated through small laparotomy wound under strict aseptic precau- 
tions; 0.5 gm. very active trypsin preparation was injected. First blood 
taken during anesthesia. Bled 10.00 m., noon, and m., when the 
animal was killed. Text-fig. gives the ferment picture detail. Contrary 
the direct intravenous injection the dog showed marked leucocytosis and 
only slight fall temperature. The antiferment showed the usual fall with 
partial recovery and secondary drop. The lipase curve showed the typical rise 
indicative the intoxication. The serum protease, instead rise, showed 
distinct fall, recovery the normal titer occurring the afternoon. 


place the very active and toxic preparation the following 
experiment was made with pancreatin (commercial). 

Dog b.) Similar the above; 0.5 gm. commercial pan- 
creatin was injected into loop the small bowel 9.15 Bled 9.30 
noon, and 3.00 this experiment there was evidence 
intoxication far the temperature and leucocyte count are concerned. 
There was practically change the antiferment and non-coagulable nitrogen 


the serum; the protease showed immediate increase, while the lipase 
showed first fall and then slight rise titer. 


DISCUSSION. 


The experiments have demonstrated that when active trypsin solu- 
tions are injected into the blood stream intoxication results, mani- 
fested marked gastro-intestinal irritation, rise temperature, 
with primary leucopenia, followed leucocytosis. There 
usually immediate rise serum protease and serum esterase, to- 
gether with lengthening the coagulation time, which some 
instances may lead complete inhibition coagulation. 
many ways the picture not dissimilar anaphylactic shock, which 
shall discuss later paper. the latter condition there 
associated, however, marked increase the non-coagulable nitro- 
gen the serum, representing protein split products, and far 
differing from the effect with trypsin. 

The antiferment change usually consists immediate drop, 


4 


James Jobling, William Petersen, and Eggstein. 149 


with recovery following few hours. This lowering the an- 
titryptic titer probably not due saturation the antiferment 
the injected trypsin, for the extent the fall not related the 
amount ferment injected nor its activity. more prob- 
ably the expression colloidal change the serum whereby the 
lipoids are changed from greater less disperse state. This 
would seem reasonable view the fact that similar change 
occurs anaphylactic and peptone shock and following the injection 
various other substances,—bacteria, serum, etc. is, 
course, the possibility rapid oxidation occurring, with 
ing lowering the antiferment strength because alteration 
the unsaturated carbon bonds. simple physical change seems, 
however, account more readily for the rapidity the various 
fluctuations that occur. 

The question the toxicity trypsin resolves itself into 
endeavor decide whether free protease activity the blood stream 
noxious; whether the trypsin molecule apart from its tryptic ac- 
tivity toxic; whether due admixed foreign toxic material 
tein split products); whether the ferment free the serum 
able split non-toxic body proteins toxic products and induce 
indirect toxic effect. 

have been able demonstrate considerable increase serum 
protease immediately following the injection, increase maintained 
for two more hours and then rather rapidly disappearing. 
would seem reasonable that this represents the injected ferment, 
were not for the fact that the ferment activity demonstrable 
not active alkaline medium, but only neutral acid 
that the increase may progressive; that one experiment the 
ferment was not demonstrable blood drawn five minutes after the 
injection, but became apparent later. similar, not 
marked increase serum protease may occur during peptone 
and anaphylactic shock. regard the ferment rise mobiliza- 
tion ferments from the animal organism, the explanation that the 
lowering the antiferment titer due saturation with ferment 
finds stronger basis, for the amount ferment liberated need 
have relation the amount and strength the ferment injected. 
the other hand, the inactivated preparations, while toxic, usually 
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not produce the increase serum protease, although the antifer- 
ment may show marked changes. 

Our experiments differ from those Kirchheim that have 
found the inactive trypsin solution toxic for dogs; Kirchheim found 
that his inactivated preparations were non-toxic for guinea pigs and 
rabbits. are not able account for this discrepancy. evi- 
dences the toxic effect have observed the general conditions 
the animals, together with the temperature and leucocyte count, 
and instance have noted any great difference between the 
active and inactive preparations these respects. From our results 
are inclined the view that the toxicity does not depend the 
activity the ferment, but rather the ferment molecule itself. 
While true that the more active trypsin preparations are most 
toxic, the increase may part due the elimination protective 
colloids during the course purification. 

The rise lipase noted after the injections not peculiar the 
trypsin intoxication, but occurs during similar intoxications from 
other causes (anaphylaxis, peptone, etc.). 

might anticipated, the experiments with the feeding sub- 
cutaneous injections trypsin lead appreciable increase 
the amount serum protease demonstrable, nor were there any 
definite effects intoxication from the amounts used. 

the other hand, when the ferment brought directly into the 
small bowel, influence the serum protease apparent. This 
may result simple increase when large amount relatively 
weak trypsin preparation used, without evidences intoxica- 
tion. This would way simulate the normal condition during 
digestion, except that the ferment finds substrate which can 
become attached. When, however, very active preparation in- 
jected, intoxication may result. Instead the blood showing 
increase protease this case, actual decrease may occasion- 
ally observed, shown Text-fig. When the liver such 
animal examined histologically, profound fatty changes are 
observed. possible that the ferment, when absorbed, does not 
pass the liver into the general circulation. This would correspond 
the condition which have noted after feeding, which the 
portal blood may contain considerable protease, while the peripheral 
blood may contain much less none all. 
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The possibility that intoxication may occur from the absorption 
large amounts free tryptic ferment from the bowel under 
pathological conditions must considered. This would more. 
apt occur the intestinal tract were empty, that the secreted 
ferment would remain unbound proteins. 

will noted from the text-figures, there fixed relation be- 
tween the number leucocytes and the ferments antiferment, 
thus corroborating the recent finding Rosenow and Farber (6), 
who noted that the leucocyte count and the destruction leucocytes 
had constant effect the antiferment titer. Caro (7) noted that 
the number lymphocytes (which are supposed contain lipo- 
lytic ferment) bore relation the lipolytic activity the serum. 

The questions which arise view the marked increase both 
protease and lipase during these intoxications (inclusive anaphy- 
lactic shock, peptone poisoning, etc.) concern their origin and effect 
the organism. are inclined the view that they are mobil- 
ized from the tissue cells general, and not from any specific organ. 
seems certain least that they not come from the liver, for 
the hepatic blood usually contains the minimal concentration the 
ferments under discussion. 

order discuss their effect must keep mind certain fun- 
damental factors concerned protein intoxication. The true pro- 
teases act only native proteins, which are split into certain definite 
components probably preexisting the protein molecule (Levene). 
These may toxic, certain the proteoses being especially toxic 
for guinea pigs (8, 9), others, far down the peptones, being 
even more markedly toxic for dogs. 

The proteases not act the presence the 
asmuch the serum always contains antiferment, protease action 
normally held completely abeyance. Therefore under normal 
conditions, even with proteases present the serum, toxic split 
products can not formed from the serum proteins. This protec- 
tion not necessarily intracellular. 

Any condition which tends remove the antiferment protection 
may result splitting and consequent intoxication. this way 
the called anaphylatoxins are formed when the antiferment 
adsorbed the various agents agar, kaolin, ete. 
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The released serum protease then can simply split the serum pro- 
tein (10). Ina similar manner when the antiferment removed 
lipoidal solvents the serum becomes toxic (11); and the splitting 
which takes place the Abderhalden test has its basis along similar 
lines (12). 

possible that lowering the antiferment titer may have 
some part producing intoxication. Such lowering takes 
place not only following trypsin injections, but following many 
other conditions, some which have been noted Pfeiffer and 
Jarisch (13). The toxicity kaolin (14) and certain colloids can 
explained this way. Conversely the raising the antiferment 
titer may prevent intoxication that intoxication depends upon 
the formation toxic split products and not upon the introduction 
preformed toxic substances. have previously called atten- 
tion such conditions (15). 

may sharply differentiate the true serum protease from the 
ereptase action the serum, which solely concerned with the 
split products the. protein molecule (casein being exception 
the general rule that the native proteins are not split this ferment). 
The ereptase not influenced the antiferment, that under nor- 
mal serum conditions only the ereptase which can active. 
this ferment which chiefly responsible for the changes occurring 
the Abderhalden reaction. The ereptase may responsible 
intoxicating, well detoxicating agent. Thus serum 
may contain non-toxic proteoses which may rapidly split toxic 
peptones the ferment. however, the serum ferment may 
split these same toxic substances amino-acids and thus cause 
complete detoxication. 

The ereptase must not supposed only lytic action. 
There considerable evidence, which shall discuss later 
paper, that the ferment actually synthetic under certain condi- 
tions. From these conditions would seem probable that the in- 
crease protease and ereptase which occurs during the various 
called protein intoxications may considerable aid the process 
detoxication. 

CONCLUSIONS. 


The intravenous injection trypsin dogs results shock 
similar many respects anaphylactic and peptone shock. 
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The injection followed marked rise serum protease 
and lipase. 


The antiferment usually shows distinct drop titer, with 
recovery following from four twenty-four hours. 

The non-coagulable nitrogen shows constant alteration, but 
never greatly changed amount. 

Inactivated preparations were some respects followed 
symptoms similar those following the injection the active prep- 
aration. 


Subcutaneous and gastric absorption was practically without 
effect. 


Intestinal absorption was followed increase serum pro- 
tease without evidence intoxication, typical symptoms 
acute poisoning. 


The leucocyte curve bears constant relation the serum 
protease lipase. 
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THE IMMUNOLOGICAL RELATIONS THE ROUS 
CHICKEN 


WILLIAM WOGLOM, M.D. 
(From Columbia University, George Crocker Special Research Fund, New York.) 
(Received for publication, April 22, 1915.) 


The tumor? used throughout these experiments was the first 
chicken sarcoma reported Dr. Peyton whose courtesy 
the laboratory the Crocker Fund indebted for the fowl from 
which the transplants were made. 

This growth, according Rous’s description, composed 
loose bundles spindle cells, crossing every direction and sep- 
arated from the smaller blood vessels only 
cellular fibrils can demonstrated with Mallory’s phosphotungstic 
acid stain, though they are rare the more cellular portions the 
tumor. Areas necrosis are present, dependent, general, upon 
insufficient vascularization. The sarcoma shows marked tend- 
ency invade the surrounding tissues; furthermore, metasta- 
sizes, generally way the blood stream and most commonly 
the lungs, although secondary nodules the heart, liver, and spleen 
are not rare. possesses, accordingly, many the character- 
istics the transplantable tumors the mouse and rat, but differs 
fundamentally from these being transmissible the form 
Berkefeld filtrate dried tissue. 

When the present investigation was started, the immune reac- 
tions associated with this growth had not been fully investigated 

Read before the American Association for Cancer Research, St. Louis, April 

employment such terms sarcoma” and “tumor” throughout this 
paper looked upon rather concession convenience than indi- 
cating the possession any definite idea regarding the nature the material 


question. 
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thus, was not known whether fowls can rendered resistant 
its inoculation previous treatment with fowl tissue, after the 
manner which mice can made refractory mouse tumors with 
the normal tissues their species. 

The injection 0.05 gm., even less, mouse spleen, kidney, 
embryo, blood corpuscles will confer resistance the subse- 
quent implantation mouse tumor from per cent 
treated animals, which sets the third day, reaches its height 
about the tenth, and persists for approximately three months. 

has been suggested that the refractory condition 
evoked due solely bacterial infection set the time 
when the immunizing material introduced. this were true, 
should possible elicit resistance preliminary treatment with 
the tissues animals other than the mouse; the majority ob- 
servers, however, deny that this can accomplished. serious 
conflict with such hypothesis, furthermore, the observation 
that the highest degree resistance procured 
treatment with embryo skin, although, both aerobic and an- 
aerobic cultures made this laboratory show, this the tissue, 
all those used induce the refractory condition, which certain 
sterile. highly probable, therefore, that the presence 
artificial immunity tumor implantation represents the com- 
pletion specific reaction. 

preliminary communication® described unsuccessful attempts 
duplicate this reaction fowls treatment with ten day chick 
embryos, five forty days before tumor inoculation. The small 
size some the growths fowls thus injected thirty-two 
forty before introduction the sarcoma suggested the pos- 
sibility much longer time might required for the develop- 
ment complete immunity than the ten days necessary mice. 
Hence, the period was extended 100 days. 

Details individual experiments are found the accom- 
panying table. 

The fowls which was sought immunize were injected the 

M., Ztschr. Krebsforsch., 1914, xiv, 57. 


H., Jour. Exper. Med., 1912, xvi, 629. 
Woglom, Proc. Path. Soc., 1914, S., xiv, 202. 
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left breast with from cc. fresh hashed chicken embryo, 
and periods varying from 100 days afterward were in- 
oculated with intact grafts (0.02 gm.) tumor the right breast, 


TABLE 
Interval between 
Experiment treatment and Dose embryo No. chickens. Tumors. tumors. 
No. tumor inoculation. emulsion, 
days 

treated 
treated 
treated 
treated 
treated 
treated 
treated 
treated 
treated** 
treated** 
treated 
treated 


More small tumors than among controls. 


together with equal number normal controls. Three weeks 
after implantation the tumor the fowls were autopsied. 

117 treated and 106 control fowls lived long enough come 
autopsy. the treated, 109 (93 per cent) proved receptive for 
the tumor, and among the controls 104 (98 per cent) developed 
growths. 

The difference between the treated fowls and their controls 
slight enough warrant the statement that immunity the sarcoma 
question can not produced preliminary injection with chicken 
embryo the amounts administered. The number tumors 
each group approximately the same, and, with the exception 
Experiments and the growths the treated fowls were fully 
large those the controls. 
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Although three treated chickens out eight Experiment 
did not develop tumors, repetition the experiment with double 
the amount embryo emulsion gave clean cut result, none the 
treated chickens being found resistant. These, well the other 
five instances which fowls previously injected with embryonic 
matérial failed develop tumors, are, therefore, referable all 
probability natural resistance rather than artificial im- 
munity consequent upon the preliminary treatment, view strength- 
ened the fact that Rous and also have recently re- 
corded their failure immunize against this growth with normal 
tissue. The immune fowls the treated series are partially offset, 
moreover, two controls which the grafts failed proliferate. 

The absence any resistance and 100 days after attempted 
immunization completely nullifies the suggestion pre- 
ceding paragraph, that period much longer than the days 
requisite mice might necessary for the development com- 
plete immunity the chicken. 

The failure produce resistance can not ascribed 
cient dosage. mouse weighing grams can made refractory 
transplantable tumors preliminary injection with 0.05 cc. 
normal mouse tissue, amount representing about 1/300 its 
body weight, and cc. chicken embryo, when injected into 
fowl weighing 1,500 grams, roughly equivalent this quantity. 

The absence immunity not unanswerable argument 
against the neoplastic nature this tumor; for, the first place, 
not known that the immunological reactions characteristic 
the mouse have their counterpart the chicken, and, secondly, 
tumor occasionally found, even the mouse, against which 
resistance can produced. most can said only that the 
outcome these experiments warning against the unreserved 
acceptance this growth, present, true tumor. 


CONCLUSION. 


The injection chicken embryo, amounts from cc., 
confers resistance against the Rous chicken sarcoma, when this 
inoculated from 100 days after the preliminary treatment. 


Rous, P., and Murphy, Jas. B., Jour. Exper. Med., 1914, xx, 419. 


CASTRATION EXERTS INFLUENCE UPON THE 
GROWTH TRANSPLANTED SPONTA- 
NEOUS TUMORS MICE AND RATS. 


JOSE HILARIO, M.D. 
(From Columbia University, George Crocker Special Research Fund, New York.) 
(Received for publication, May 18, 1915.) 


was the first seek some relationship between the internal secretion 
the sexual organs and the development transplanted tumors. The sexual 
glands were removed from male and female mice, which were afterwards 
inoculated with tumor having inoculation percentage from 100, 
male and female unoperated mice serving controls. concluded that 
castration exerts essential influence either upon the percentage takes 
upon the rate growth. few years later, Almagia? described five experi- 
ments, comprising castrated and normal mice inoculated with tumor 
characterized slow growth and comparatively low inoculation percentage. 
Among the normal animals, had tumors and had not, while the cas- 
trated group only were positive, having tumor. was observed, fur- 
thermore, that the injection testicular extract into tumor-bearing mice exag- 
gerated the development their growths, and that castrates which had proved 
refractory inoculation could restored condition receptivity the 
introduction this material. concluded, therefore, that the development 
tumor stimulated, either directly indirectly, the sexual glands, and 
inhibited their absence. 

Rohdenburg, Bullock, and like Graf, expressed the opinion that 
castration exerts effect, or, the most, very slight one, upon either the 
inoculation percentage the rate growth. 

inference exactly contrary that Almagia has recently been recorded 
Sweet, Corson-White, and whose material consisted castrated 
mice and castrated rats, compared with normal mice and normal rats. 
These authors used tumor with but moderate powers adaptation and pro- 
liferation, since such growth would more sensitive any slight degree 
immunity present than would one with very high inoculation percentage. 


R., Centralbl. Path., 1909, xx, 783. 

Almagia, M., Bull. Accad. med. Roma, 1912, xxi, 102. 

L., Bullock, and Johnson, J., Studies Cancer 
and Allied Subjects, New York, 1913, iii, 87. 

E., Corson-White, P., and Saxon, J., Jour. Biol. Chem., 
1913, xv, 
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They asserted that receptivity for such tumor increased castration, and 
that the proliferative power the neoplasm augmented. 


Since each the three possibilities—(a) that castration in- 
creases tumor growth, that castration retards tumor growth, 
(c) that castration exerts effect upon tumor growth—has been 
advocated, necessary that the experiment repeated 
larger number animals and with tumors various types. 

The following experiments, amounting nine number, in- 
the final reckoning 256 male animals, which were 
castrated mice, were castrated rats, 103 were normal mice, and 
were normal rats. The animals every experiment except 
and were approximately equal weight and age, and all those 
any one experiment were obtained from the same dealer. Castra- 
tion was performed under ether anesthesia, through incision 
the median line the scrotum, care being taken not crush 
the glands the forceps that complete removal all testicular 
tissue might assured. The wound was closed continuous 
catgut suture. 

From ten twenty-six days after castration the animals were 
inoculated the right axilla, seven series with carcinoma, and two 
with sarcoma. castrated animals and their controls were inoc- 
ulated one sitting from the same tumor and with grafts simi- 
lar size, and every instance the castrates and their controls were 
kept adjoining boxes and the same diet. Details regarding 
tumor dose, weight animals, etc., are found under Text- 
figs. 10, which the tumors are reproduced silhouette, 
their actual size being readily calculable from the cm. scale at- 
tached. The first charting was made ten days after inoculation, 
subsequent ones weekly intervals; sign indicates the death 
animal. The results were read time when the largest 
number animals could included. More exact information 
this point will found the detailed discussion the charts. 

Growths various kinds were employed test the presence 
absence resistance. Thus, among the mouse carcinomata, 
Crocker Fund Tumors Nos. 11, 15, and are adenocarcinomata 
with inoculation percentage from 75, which grow 
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slowly and occasionally retrogress, while Tumor 180, carcinoma 
the solid type, grows every mouse with extreme rapidity and 
never recedes. The Ehrlich mouse sarcoma, with inoculation 
percentage from 100, grows quickly and sometimes re- 
gresses. for rat tumors, the Flexner-Jobling adenocarcinoma 
grows with moderate speed from 100 per cent inoculated 
rats, receding rather frequently; the Jensen sarcoma grows more 
rapidly, gives inoculation percentage from 100 and 
often retrogresses. 


With this preliminary description experimental material, the 
text-figures may introduced. 


Experiment 1.) The result was read the fourth charting, 
order include Nos. 24, 26, 31, and 32, which died before the fifth. The 
control group contains positives (85 per cent) and negatives, the castrates 
positives (67 per cent) and negatives. The rate growth the same 
both series. the control group tumors and 18) receded, and the 
castrates none. 


Experiment 2.) Here the computation was made the third 
charting include Nos. 13, and 32, No. being counted among the posi- 
tives since developed tumor before the next charting. Hence there are 
positives (75 per cent) and negatives the control, and positives (62 per 
cent) and negatives among the castrated mice. There were cases invo- 
lution among the control animals (Nos. 10, 12, 17, 18, 19, 20) and 
(Nos. 29, 36) the castrated. Growth was more vigorous the castrates, but 
this circumstance cannot regarded significant because this the only 
experiment which such phenomenon was observed, and, secondly, because 
the rate growth the castrated animals characteristic Tumor under 
normal conditions. would, therefore, more accurate say that prolifera- 
tion was diminished the control groups, some factor unconnected with the 
experiment. The high mortality suggests infection, more severe, perhaps, 
the controls, since known that tumors not grow well sick animals. 
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DAYS 


Nos. 1-20, normal male controls (average 


weight 14.8 gm.). Nos. 21-32, castrated Dec. 12, 1914 (average weight 15.4 gm.). 
All mice inoculated Dec. 28, 1914, the right axilla with 0.01 gm. the needle 


method. 
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CONTROL CASTRATED 


19 . e - 40 - 


Experiment II. Nos. 1-21, normal male controls (average 


weight 17.5 gm.). Nos. 22-43, castrated Dec. 1914 (average weight 17.3 gm.). 
All mice inoculated Dec. 15, 1914, the right axilla with gm. the needle 
method. 
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weight 17.4 gm.). Nos. 23-38, castrated Dec. 10, 1914 (average weight 17.5 gm.). 
All mice inoculated Dec. 28, 1914, the right axilla with gm. the needle 
method. 


Experiment 3.) The calculation this case was made 
the seventh charting. controls (73 per cent) were positive and negative, 
while the castrates (73 per cent) were positive and negative. There 
were cases involution (Nos. 16, 17) among the control mice, and among 
the castrated (Nos. 27, 30, 32, 34). The rate growth was slightly decreased 
the castrated animals. 
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CONTROL CASTRATED 


Text-Fic. Experiment IV. Nos. 1-20, normal male controls (average 


weight 16.4 gm.). Nos. 21-40, castrated Nov. 28, 1914 (average weight 15.7 gm.). 
All mice inoculated Dec. 1914, the right axilla with 0.01 gm. the needle 
method. 

Experiment IV.—(Text-fig. 4.) the third charting, controls (94 per 
cent) were positive and was negative. the castrates (100 per cent) were 
positive and none were negative. The rate growth was the same both 
groups, and there was instance regression. 
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CONTROL 


Experiment Nos. 1-23, male controls (average 


weight 17.5 gm.). Nos. 24-44, castrated Dec. 1914 (average weight 15.5 gm.). 
All mice inoculated Dec. 24, 1914, the right axilla with 0.01 gm. the needle 
method. 

Experiment V.—(Text-fig. 5.) The reading this case was made the 
third charting, include Nos. 18, 28, and 33. the controls there were 
positives (96 per cent) and negative, and among the castrates positives (81 
per cent) and negatives. The growth rate was similar for the two groups, 
and tumors regressed. 
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CASTRATED 


Experiment VI. Nos. normal male controls (average 


weight 85.0 gm.). Nos. 11-21, castrated Dec. 14, 1914 (average weight 51.7 gm.). 


All rats inoculated Jan. 1915, the right axilla with 0.02 gm. the needle 
method. 


Experiment 6.) This experiment offers another example 
retarded growth sick animals, except that, contrast Experiment II, 
both groups are about equally affected. include this series, necessary 
read the result the second charting, where the controls (55 per cent) 
were positive and negative. Among the castrates, (82 per cent) were posi- 
tive and negative. The rate growth was approximately the same both 


groups. Two minute tumors regressed the controls (Nos. and the 
castrates (Nos. 15, 16, 17, 19, 20, 21). 
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Experiment VII. Nos. 1-5, normal male controls (average 
weight 50.0 gm.). Nos. 6-11, castrated Dec. 1914 (average weight 48.3 gm.). 


All rats inoculated Dec. 14, 1914, the right axilla with 0.02 gm. the needle 
method. 


Experiment 7.) the seventh charting, controls (100 
per cent) were positive and none negative, while (67 per cent) the castrates 
were positive and negative. The rate growth was somewhat diminished 
the castrated rats, only small tumors having regressed (Nos. and 11). 
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CONTROL CASTRATED 
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Text-Fic. Experiment VIII. Nos. I-11, normal male controls (aver- 


age weight 44.5 gm.). Nos. 12-23, castrated Dec. 1914 (average weight 50.0 
gm.). All rats inoculated Dec. 18, 1914, the right axilla with 0.02 gm. the 
needle method. 


Experiment 8.) Among the controls (100 per cent) were 
positive the fourth charting, and none negative, while among the castrated 
rats (100 per cent) were positive and none negative. The rate growth was 
similar both groups and none the tumors regressed. 
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CONTROL CASTRATED 


JRS 
Experiment IX. Nos. 1-8, normal male controls (average 


weight 39.0 gm.). Nos. 9-17, castrated Dec. 15, 1914 (average weight 72.7 gm.). 
All rats inoculated Dec. 29, 1914, the right axilla with 0.02 gm. the needle 
method. 

Experiment 9.) the third charting, controls (75 per 
cent) were positive and negative, while the castrates (67 per cent) were 
positive and negative. There were more large tumors the control than 


the castrated rats. Two small tumors (Nos. receded the controls and 
(Nos. 13, 15, 16) the castrates. 
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Summing up, appears that with the exception Experiments 
and VII, where was and per cent, there was difference 
less than per cent between the castrated animals and their 
controls, disparity which does not exceed the rather wide margin 
which must allowed for experimental error the biological in- 
vestigation cancer. 

When the figures are set two parallel columns (Table with 
their differences between, seen that two experiments (III 
and VIII) the inoculation percentages were identical, two (IV 


TABLE 


and VI) this percentage was larger the castrated group, and that 
five the experiments II, VII, and IX) was larger 
the controls. Although this might appear indicate that castra- 
tion decreases the receptivity for transplanted tumor, must 
recollected that two experiments (II and VI) the animals were 
probably sick, and that one (VII) the number very small, and 
must noted, also, that two these three experiments 
(VI and VII) that the greatest differences between the control and 
the castrated animals are found (27 and per cent, respectively). 
the other six experiments the difference lies between and 
per cent, averaging but per cent. 

When the single experiments are gathered into two groups, one 
including mice and the other rats, shown that among cas- 
trated mice (77.3 per cent) had tumors and (22.7 per cent) 
had none, while among 103 normal controls (84.5 per cent) 
had growths and (15.5 per cent) had not. castrated 
rats (80 per cent) developed tumors and (20 per cent) proved 
refractory, the group normal controls containing (80 per 
cent) with, and (20 per cent) without tumors. The total inocu- 
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lation percentage the castrated rats and their controls there- 
fore identical, and, the case the mice, nearly so, since the 
per cent decrease slight that may Indi- 
vidual disparities the various experiments thus vanish when all 
the groups are added together, and quite possible that the 
slight difference favor the controls might similarly disappear 
still larger number experiments were available. 

Nor there any distinct evidence that, once the graft has ob- 
tained foothold, the conditions governing its further development 
are either more less favorable the castrated series than the 
controls. five experiments (I, IV, VI, VIII) the growth 
rate identical the two groups; one better the 
castrates, possibly reason source error already pointed 
out; three (III, VII, more rapid the 
the control series seventeen tumors receded wholly partially, and 
the same number the castrated animals. 

The fact that the growth rate transplanted tumors normal 
control mice and rats occasionally little excess that 
castrates, coupled with the observation that the inoculation per- 
centage trifle higher normal animals, might seem indicate 
some slight decrease receptivity after castration. both cases, 
however, the difference small that may justly referred 
outside factor such minor nutritional disturbances some 
mild and unavoidable infection the time operation. Cer- 
tainly castration exerts specific effect upon tumor growth, its 
results should more evident. 

Almagia described higher degree cachexia among the con- 
trols than among the castrates, statement which the experiments 
now under consideration not support, since there was sign 
such condition either the two groups. This corresponds 
with the experience the majority observers, that cachexia 
does not appear until the tumor has ulcerated, and that then 
attributed infection. 

While well known from the work Beatson, Abbe, and 
others, that oophorectomy young women may check temporarily 
the growth carcinoma the breast and even induce the dis- 
appearance small metastatic nodules the skin, yet equally 
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CM. 


10. Experiment Mice bearing spontaneous mammary adeno- 
carcinomata, and castrated the periods shown the arrows. The tumors 


were charted weekly. The removal the ovaries exerted influence upon the 
growth the neoplasms. 


Experiment X.—(Text-fig. 10.) From these mice, old females with 
spontaneous carcinoma the mamma, the ovaries were removed-at periods 
designated the arrows, the tumors being charted weekly intervals there- 
after. No. was castrated order observe the effect upon the inguinal 
growth; the meantime, recurrence took place the axilla from tumor re- 
moved about weeks previously. The decrease the dimensions the growth 
No. was brought about hemorrhage. The other mice require com- 
ment; perfectly evident that the removal the ovaries had effect 
the activity the tumor any the cases. 
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well known that none these cases are permanently benefitted. 
The period influence generally not more than six months. 
That effect followed removal the ovaries this experiment 
may due the fact that the animals used had passed the age 
when these organs have any marked influence upon the blood sup- 
ply the breast. 


CONCLUSIONS. 


Castration neither increases nor. decreases the inoculation per- 
centage transplantable carcinomata and sarcomata the mouse 
and rat, nor does either stimulate retard their proliferation; 
exerts not the slightest effect upon the growth spontaneous 
carcinomata the mouse. 

The writer wishes express his obligation Professor Francis 
Wood, Director the George Crocker Special Research Fund, 
for the privilege working the laboratory the Fund, and 
Drs. William Woglom and Frederick Prime, Jr., for many help- 
ful suggestions during the prosecution these experiments. 


INFLAMMATORY REACTIONS RABBITS WITH 
SEVERE 


(From the Department Pathology the University Minnesota, 
Minneapolis.) 


PLATES AND 24. 


(Received for publication, April 19, 1915.) 


The object this investigation study the local reaction 
injury animals which severe leucopenia has been produced 
experimentally. Inasmuch the leucocytes are believed play 
very important part the inflammatory process, occurred 
that would interest study the inflammatory reaction under 
conditions which the leucocytes could take part only very 
limited extent. leucopenia was produced subcutaneous in- 
jections benzol after the method employed Selling. 


Benzol was first used experimentally leucotoxin was 
mixed with equal volume olive oil, and given daily, subcutaneous injec- 
tion, doses cc. the mixture per kilo body weight the animal. 
every case there was marked decrease leucocytes. After eight ten daily 
injections the leucocyte count was usually between 500 and 1,090 per cmm. 
one case the count was only 200. The decrease the polymorphonuclear leuco- 
cytes was somewhat greater than that the lymphocytes. When the leucocyte 
count was very low there was always pronounced relative lymphocytosis. 

Selling found alinost complete aplasia the bone marrow cases which 
the leucocytes were greatly reduced. There was considerable destruction 
the lymphoid tissue the lymph nodes, but the injury these organs was not 
nearly severe that the bone marrow. did not find increase 
leucocytes the capillaries the viscera. Benzol undoubtedly destroys the 
leucocyte-forming tissue. Selling believes that also kills the leucocytes the 
circulating blood, since their decrease too rapid accounted for nat- 
ural death. 


study was undertaken the suggestion Dr. Bell, under whose 
supervision the work was conducted. wish thank Dr. Bell for his val- 
uable aid and criticisms. 

Benzol als Leukotoxin, Beitr. path. Anat. allg. Path., 
li, 576. 
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Pappenheim? also studied the effects the administration benzol rab- 
bits. There was wide-spread necrosis the liver and severe parenchymal injury 
the kidney his experiments. The leucocytes disappeared almost com- 
pletely from the peripheral blood, but some the cases they were still very 
numerous the widened capillaries the liver, lung, spleen, and kidney. Pap- 
penheim believes that the actual decrease leucocytes therefore not 
great one would think from examination the peripheral blood. 

Pappenheim and produced leucocyte-free rabbits single intrave- 
nous injection thorium The animals lived days after the injection. 
the end hours they were usually leucocyte-free. The bone marrow 
showed only very few leucocytes. These were pseudo-eosinophils and were 
scattered among the red blood cells between the fat cells. The spleen and 
lymph nodes showed atrophy the follicles, increase the connective 
tissue cells. The liver showed congestion the sinusoids around the central 
veins, and necrosis the parenchymal cells these areas. Small areas 
hemorrhage were found scattered throughout the spleen and liver. 

leucocyte-free animals, vitally stained with lithium carmine, Pappenheim 
and produced lymphoid cell exudate injection tuberculin into 
the peritoneal cavity. The exudate cells were the large and small lymphoid 
type and contained carmine granules. The authors concluded that these cells 
were connective tissue origin. 

Lippmann and Plesch® injected cultures the bacillus swine erysipelas 
into the pleural and peritoneal cavities animals made leucocyte-free admin- 
istration thorium the pleural cavity they obtained only mononuclear 
exudate, and hold, from the morphology the cells, that they are derivatives 
the endothelium the pleura. the peritoneal cavity they obtained not 
only the mononuclear cells such were found the pleural cavity, but also 
some polynuclear cells. Lippmann and Plesch also found that aleuronat-bouillon 
suspension when injected into the muscles animal made leucocyte-free 
thorium produced cellular exudate. the normal animals this irritant 
gave pure polymorphonuclear exudate. 

produced leucocyte-free dogs that lived from hours, 


Pappenheim, A., Zur Benzolbehandlung der und sonstiger Blut- 
krankheiten, Wien. 1913, xxvi, 48; Experimentelle Beitrage zur 
neueren Ztschr. exper. Path. Therap., 1914, xv, 

A., and Plesch, J., Experimentelle und histologische Unter- 
suchungen zur Erforschung der Wirkung des Thorium auf den thierischen 
Organismus, Ztschr. exper. Path. Therap., 1912-13, 95. 

Pappenheim, A., and Fukushi, M., Neue Exsudatstudien und weitere Aus- 
die Natur der lymphoiden peritonealen Entztindungszellen, Folia 
Haematol., 1913-14, xvii, 257; abstracted Centralbl. allg. Path. Anat., 
1914, xxv, 408. 

Lippmann and Plesch, J., Studien Tier: ueber die Genese 
1395. 

Rosenow, G., Studien Entziindung beim leukocytenfreien Tier, Ztschr. 
ges. exper. Med., 1914, iii, 42; abstracted Centralbl. allg. Path. 
Anat., 1914, 499. 
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means single intravenous injection 1.0 2.6 mg. radium bromide. 
copper wire was passed through the anterior chamber the eye. The exudate 
consisted usually fibrin masses, red blood cells, and iris stroma cells. one 
case obtained the exudate large mononuclear cells which believes are 
desquamated degenerating endothelial cells cells the iris stroma. Intra- 
corneal injection staphylococci produced exudate small lymphoid-like 
cells. Transition forms from endothelium leucocytes were not observed. 
The author believes that these experiments tend support the conception that 
the exudate cells the first stages acute inflammation are extravasated 
leucocytes. 

Winternitz and produced pneumonia rabbits which the 
leucocyte count had been greatly reduced injections benzol. The pneu- 
monia was produced intratracheal inoculation with cc. culture 
virulent pneumococci. The leucocyte count the time the inoculation with 
pneumococci varied from 280 880 six the animals. The resistance 
the leucopenic animals the infection was markedly reduced. The average 
life the control animals after the inoculation was hours; while the average 
life the leucopenic animals was hours. The gross appearances the 
pneumonic lungs the leucopenic animals were the same the controls. 
“Tn the most highly aplastic animals, the pneumonic exudate contained 
the usual number red blood cells and the usual quantities fibrin, but only 
occasionally polymorphonuclear leucocytes mononuclear 


Materials and our experiments adult rabbits were 
injected subcutaneously with mixture composed equal parts 
benzol and olive oil. The injections were given daily, sometimes 
twice day, where seemed necessary order keep the leuco- 
cyte count low. Usually cc. the mixture cc. pure benzol) 
per kilo body weight were given daily until the leucocyte count 
fell below 1,000; then smaller doses were administered. When 
doses smaller than cc. the mixture were given the beginning 
the experiment, the animals showed marked loss weight with- 
out pronounced leucopenia. With larger doses the loss weight 
was not marked, and the leucocyte decrease was more regular and 
rapid. The best results our experiments were obtained giving 
two three initial doses about cc. the mixture per kilo and 
increasing this 0.5 cc. the succeeding doses until the count was 


Winternitz, C., and Hirschfelder, D., Studies upon Experimental 
Pneumonia Rabbits. Parts III, Jour. Exper. Med., 1913, xvii, 657. 
Hirschfelder and Winternitz, Studies upon Experimental Pneumonia Rabbits. 
IV. There Parallelism between the Trypanocidal and Pneumococcicidal 
Action Drugs, ibid., 666. 

Winternitz and Hirschfelder, loc. cit., 661. 
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below 1,000. Then small doses were given keep the count low 
without causing death. 

The following methods were used produce inflammation, more 
than one method being often employed the same animal: (1) 
Croton oil was rubbed into deep scratch the inner surface the 
ear. (2) Intramuscular injections aqueous suspension 
carmine were given the lumbar region. (3) Half the ear was 
immersed water about 55° for three minutes. all cases 
controls were made normal rabbits. 

Both the microscopic and gross changes were observed. The tis- 


sues were fixed Zenker and alcohol-formalin, and sectioned 
paraffin. 


EXPERIMENTAL, 


The decrease the leucocyte count our experiments, shown 
Text-figs. 11, corresponds that obtained Selling. The 
initial rise the number leucocytes per cmm., recorded one- 
third his cases, does not occur any our experiments. Sec- 
ondary rises the count usually occurred when dose was omitted. 
shown the curves, the leucocyte count dropped rapidly 
1,000, even 500 per cmm., and remained about this level 
except few cases where the daily dose was omitted. 


Experiment 1—Rabbit (Text-fig. 1). this, all the text-figures, 
the leucocyte count shown curve. The dosage the benzol-olive oil 
mixture shown the figures. The injections were usually made immediately 
after the leucocytes were counted. Reference the curve will also show the 
time application the irritant. Croton oil was applied the left ear, Apr. 
Death hours later. gross changes were noted until Apr. 
when the ear became slightly red and remained until death. 
microscopic examination the surface epithelium seen necrotic places. 
Bacteria have invaded the tissues some places where the surface epithelium 
absent. leucocytes are present. There edema. 

Croton oil was applied the right ear, Apr. Duration hours. 
gross changes developed. microscopic examination free bacteria are 
seen deep the tissues where the epithelium was scratched away. There 
some edema the connective tissue. leucocytes are present. 

Carmine was injected into the left lumbar muscles, Apr. Death 
hours later. There phagocytosis the carmine granules. leucocytes 
are present. There reaction the part the connective tissue cells. 

Carmine was injected into the right lumbar muscles, Apr. Death 
hours later. some the sections few polymorphonuclear leucocytes are 
found contact with one small area carmine. Two three the cells con- 
tain carmine granules. 
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1042 1075 990 


unt 


15000 


14000 


12000 


11000 


10000 


9000 


8000 


7000 


6000 


Experiment Rabbit the point marked croton oil 
was applied the left ear. carmine was injected into the left lumbar 
muscles. A’, croton oil was applied the right ear. B’, carmine was 
injected into the right lumbar muscles. 

The solid line represents the time the animal was known living. The 
broken line represents the estimated life after the last observation. 
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Experiment (Text-fig. 2). Apr. croton oil was 
applied the left ear. Death hours later. noted that the count 
was 3,800 the end the experiment. microscopic examination the sur- 
face epithelium absent over small area. There extreme congestion and 
rather marked edema. few lymphocytes and large numbers free bacteria 
are distributed through the edematous tissues. 


Dosage 2.5 25. 2.5 2.5 1.5 


Date 


Leucocyte Count 


Experiment Rabbit croton oil was applied the 
left ear. carmine was injected into the left lumbar muscles. A’, 
croton oil was applied the right ear. B’, carmine was injected into the 
right lumbar muscles. Note the abrupt rise after omission single dose 
the benzol. 


Croton oil was applied the right ear Apr. Death hours 
later. gross changes appeared. Microscopic examination was not made. 

Carmine was injected into the left lumbar muscles, Apr. Death 
hours later. the site the injection mass necrotic muscle fibers 
surrounded zone polymorphonuclear leucocytes. There are large num- 
bers free bacteria among the necrotic muscle fibers. 

Carmine was injected the right lumbar muscles, Apr. Death 
hours later. There are few leucocytes, mostly polymorphonuclear, the 
edges the carmine mass. Some these contain carmine granules. 
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Experiment (Text-fig. 3). Croton oil was applied the left 
ear, Apr. p.m. Death hours later. The ear became red about hours 
later and remained until death. was not swollen. Microscopically mass 
bacteria seen the torn epithelium where the croton oil was applied. The 


Weight 1265 1200 1080 995 965 
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5000 

4000 

3000 
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Experiment Rabbit croton oil was applied the 
left ear. carmine was injected into the left lumbar muscles. A’, 


croton oil was applied the right ear. B’, carmine was injected into the 
right lumbar muscles. 


blood vessels are moderately congested. There edema. leucocytes 
are present the tissues. 

Croton oil was applied the right ear, Apr. Death hours later. 
gross changes developed. Microscopically there some necrosis the 
epithelium. leucocytes are present. There edema. 

Carmine injection left lumbar muscle, Apr. Death hours 
later. leucocytes are present. There 
(Fig. 6). 

Carmine injection right lumbar muscle, Apr. Death hours 
later. leucocytes present. connective tissue reaction. 


connective tissue reaction 


‘ 


Experiment (Text-fig. 4). Croton oil was applied the inner 
surface the left ear, May 30, m.; hours later the area was only slightly 
reddened, which condition was found autopsy. There was slight 
swelling the ear, and considerable necrosis where the croton oil was applied. 
Death occurred the second night. Estimated time action croton oil 
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Text-Fic. Experiment Rabbit croton oil was applied the 
left ear. 


hours. Microscopically there complete loss surface epithelium over large 
areas the inner surface the ear. Some the subepithelial connective 
tissue necrotic. There moderate edema. Numerous large clumps bac- 
teria are seen the connective tissue. There are leucocytes present. 
Experiment (Text-fig. 5). Croton oil was applied the left 
ear, June m.; hours later the ear was only slightly congested, but mark- 
edly thickened. remained this condition until death, which occurred 
hours after application the irritant. Microscopic examination shows exten- 
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sive necrosis the epithelium the line application the croton oil. 
Where the epithelium absent masses bacteria are distributed through the 
adjacent connective tissue. There very marked edema, especially the 


tissue external the cartilage. leucocytes are present (Figs. and 3). 


8000 


7000 
6000 
5000 
4000 


$000 


Count 


2000 


1000 


Text-Fic. Rabbit croton oil was applied the 
left ear. 


Experiment (Text-fig. 6). Apr. 21, the right ear 
was immersed water 55° for 2.5 minutes. The ear immediately became 
congested and slightly thickened; hours later was very much thickened. 
Two three large blebs were present. Death occurred about hours after 
application the heat. Microscopically edema very marked. Some masses 
fibrin are seen. leucocytes are present. few places there little 
necrosis the surface epithelium (Fig. 4). 

Apr. 22, m., the left ear was immersed water 55° for min- 
utes. Only slight reddening resulted. 5.30 was immersed water 

54° for minutes. The ear became slightly reddened immediately. The 
rabbit lived about hours after the first application heat. autopsy the 
ear was found very much thickened and showed blebs similar those the 
right. Microscopically there very marked edema. leucocytes are pres- 
ent. There considerable necrosis the surface epithelium. 
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Carmine injection right lumbar muscles, Apr. 21. Death about hours 
later. Microscopic examination shows enormous numbers bacteria distributed 
through the carmine masses and through the surrounding muscle tissue. 
leucocytes are present. There reaction the part the connective tissue 
cells (Fig. 7). 

Carmine injection left lumbar region. Death about hours later. 


Weight 1435 1375 1560 13/0 1240 1200 


minutes. B’, carmine was injected into the right lumbar muscles. 
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microscopic examination few bacteria are seen around the carmine mass. 
leucocytes are present. 

Experiment (Text-fig. 7). Apr. 19, 10.40 m., the left ear 
was immersed water 50° for minutes. minutes afterwards 
gross changes were seen. was then immersed water 55° for 
minute. After minutes the ear became reddish, thick, and heavy. hours 
later there was marked swelling and congestion. microscopic examination 
there marked necrosis the surface epithelium. Edema pronounced. 
leucocytes are present. The blood vessels are congested. 

Carmine injection right lumbar muscles, Apr. 19, 10.40 Died 
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hours later. microscopic examination large numbers bacteria are seen 
around the carmine mass. leucocytes are present. There reaction 
the part the connective tissue. There considerable necrosis the muscle 


fibers. 
Weight 1070 970 940 840 
Dosage 2 4 4 6 25 
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Experiment (Text-fig. 8). Apr. 27, the left ear was immersed 
water 55° minutes. Immediately afterwards the ear became greatly 
congested and swollen, which condition remained until death hours later. 
microscopic examination there congestion the blood vessels and marked 
edema. ina few places the surface epithelium partly necrotic. leucocytes 
are present. 

Experiment (Text-fig. 9). May 12.45 m., the left ear 
was immersed water 55° for minutes. minutes later the ear was 


6000 
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3000 


Leu cocyte Count 


minutes. B’, carmine was injected into the right lumbar muscles. 
carmine was injected into the left lumbar muscles. 


somewhat thicker, but was not hot reddened. The following day some con- 
gestion and thickening were noticed. Death hours after the application 
heat. microscopic examination few areas partly necrotic surface epi- 
thelium are seen. Moderate edema also present. few mononuclear leuco- 
cytes are found the connective tissue. 

Carmine injection right lumbar muscles, hours before death. micro- 
scopic examination occasional polymorphonuclear leucocyte seen 
section). There definite evidence phagocytosis. Large numbers 
bacteria are present. There connective tissue reaction. 

Carmine injection left lumbar muscles, hours before death. Micro- 
scopic examination shows about the same the preceding, except that there 
are only few bacteria present. 

Experiment 10.—Rabbit (Text-fig. 11.40 m., the left ear 
was immersed water 55° for minutes; hours later the ear was thick, 
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but not warm reddened. Death hours after application heat. Micro- 
scopic examination shows some necrosis the surface epithelium. leuco- 
cytes are present. moderate edema. 

Carmine injection right lumbar muscles, hours before death. Micro- 
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Text-Fic. 10. Experiment 10, Rabbit left ear water 55° 
for minutes. B’, carmine was injected into the right lumbar muscles. 


scopic examination shows considerable number polymorphonuclear leuco- 
cytes relation the carmine masses few places; but only rarely does 
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leucocyte contain carmine granules. large number bacteria are distributed 
through the muscle. There rather extensive necrosis muscle around the 
carmine. The connective tissues show reaction. 


Date S-13 


Leucocyte Count 


28000 


26000 


24000 


22000 


20000 


Text-Fic. Experiment 11, Rabbit Abscess rabbit; died with 600 leu- 
cocytes per cmm. 


Experiment 11.—Rabbit (Text-fig. This rabbit had large abscess 
the neck about cm. diameter. Benzol was given see whether would 
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destroy leucocytes abscess well those the bone marrow and circu- 
lating blood. The animal died when the leucocyte count was 600. The abscess 
did not vary size during the experiment. Microscopically the abscess shows 
thick connective tissue wall, inside which composed polymorpho- 
nuclear leucocytes. The outer layers least show retrogressive 
changes. There were also small abscesses the liver composed polymor- 
phonuclear leucocytes. Benzol does not, therefore, destroy leucocytes 
abscess. 


several our experiments the bone marrow was examined microscopically. 
found complete, almost complete, disappearance leucocytes, de- 
scribed Selling. 

The liver was examined microscopically few the rabbits. Small focal 
necroses were found. Some the liver cells contained fat droplets. Only 
occasional leucocyte was found the capillaries. never found accu- 
mulations leucocytes described Pappenheim. The leucocytes were 
more numerous than the count the peripheral blood would lead expect. 


DISCUSSION. 


Croton croton oil rubbed into needle scratch 
the ear normal rabbit, striking gross changes are always visible 
before the end the first twenty-four hours. These are usually 
most pronounced the end forty-eight hours. The ear becomes 
hot, reddened, and swollen. Microscopically the ear shows con- 
siderable edema and the connective tissues are densely infiltrated 
with polymorphonuclear leucocytes (Fig. 1). 

some the rabbits with severe leucopenia gross changes 
appeared the ear after the application croton oil, although the 
animals lived one three days. one instance slight congestion 
and swelling were present the end twenty-four hours. 
another there was very marked congestion and swelling the end 
twenty-four hours. microscopic examination, leucocytes 
were present any the five experiments, except Experiment 
which showed few lymphocytes. this animal, however, the 
leucocyte count rose 3,800 the last day. Edema was very 
pronounced one experiment (Fig. 4). every case masses 
bacteria were found invading the tissues where the epithelium had 
been torn off the needle. many instances they were widely 
scattered through the connective tissue. The bacteria were evi- 
dently growing rapidly and meeting little resistance from the 
tissues. comparison Figs. and will show that the ab- 
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sence leucocytes the most essential histological difference be- 
tween the inflammatory reaction normal rabbit and one with 
severe leucopenia. Evidently congestion blood vessels and 
edema may occur the absence leucocytes, but many cases 
there reaction whatever the leucopenic animal. There are 
apparently protective bodies prevent the entrance and growth 
bacteria the leucopenic rabbit. 

Application the ear normal rabbit in- 
jured exposure water 55° for three minutes, rapidly 
becomes congested, and greatly swollen. Microscopically one sees 
marked edema and congestion. The surface epithelium necrotic 
many places. considerable number leucocytes are present 
near the surface epithelium, but they are much less numerous than 
croton oil ears. 

the leucopenic rabbit the application heat usually causes 
immediate congestion and swelling which may become very marked 
before the end the first twenty-four hours. Sometimes, how- 
ever, the gross reaction slow appear and very slight. Micro- 
scopically leucocytes were present case, except Experiment 
which showed only few mononuclear forms. Edema usually 
very pronounced, and there often necrosis the surface epi- 
thelium (Fig. 4). the leucopenic rabbit the reaction heat 
differs from the reaction the normal animal only the absence 
leucocytes. 

Carmine.—When aqueous suspension carmine injected 
into the lumbar muscles normal rabbit the carmine mass soon 
becomes surrounded leucocytes which are chiefly the poly- 
morphonuclear type (Fig. 5). The leucocytes ingest the carmine 
granules, and before the end the second day proliferation the 
adjacent connective tissue begins (Fig.8). Inthe leucopenic animals 
leucocytes were found around the carmine masses except Ex- 
periments and Experiment there was terminal rise 
the leucocyte count 3,800, which evidently accounts for the leu- 
cocytic exudate. Experiment there was terminal rise 
leucocyte count 1,000. This was the only instance, however, 
which leucocytic exudate appeared when the count was low 
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1,000. There was connective tissue proliferation around the 
carmine mass any case (Figs. and 7). 

Reaction Bacteria.—Since the carmine suspension injected 
into the muscles was not sterilized, some bacteria were evidently 
introduced along with the carmine. Microscopic sections nearly 
every case showed masses bacteria through the carmine and the 
surrounding tissues. The large numbers bacteria present, and 
their wide distribution through the tissues show clearly that there 
little resistance their growth. Normal animals injected 
the same way never showed any bacteria around the carmine. 

The croton oil ears the leucopenic rabbits showed the same 
profuse bacterial growth through the connective tissues was 
-seen the carmine experiments. The distribution the bacteria 
these cases indicates that they entered the tissue where the epi- 
thelium was scratched away for the application the croton oil. 
The absence bacteria the heated ears presumably due the 
fact that the surface epithelium was not broken. 

Our experiments show that almost every instance there 
leucocytic exudate rabbits with severe leucopenia. Lippmann 
and Plesch produced lymphocytic exudate the pleura and peri- 
toneal cavities leucocyte-free rabbits with cultures the bacillus 
swine erysipelas, but the same irritant did not produce any leu- 
cocytic exudate when injected into the muscles. Pappenheim and 
Fukushi, using tuberculin, produced lymphocytic exudate the 
peritoneal cavity. 

Our results are not variance with those the investigators 
cited above, since applied the irritants the muscle and sub- 
cutaneous tissues only. 

The evident absence antibacterial bodies rabbits with 
severe leucopenia may not due entirely the destruction the 
leucocytes, since benzol probably has general cytotoxic, well 
leucotoxic action. 

SUMMARY. 


Congestion blood vessels and marked edema may occur rab- 
bits with severe leucopenia. These two phenomena are, there- 
fore, independent the leucocytes. 
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When the leucocyte count below 1,000, croton oil and heat 
produce leucocytic exudate the tissues the ear, and carmine 
produces exudate the muscles. 

rabbits with severe leucopenia there are apparently anti- 
bacterial bodies present. 


Benzol does not destroy the leucocytes abscess. 


EXPLANATION PLATES. 
PLATE 23. 


Fic. section the ear Rabbit control. Mag- 
nified diameters. Croton oil was applied hours previously. This figure 
shows the enormous numbers polymorphonuclear leucocytes due the croton 
oil irritation normal rabbit. 

Fic. the section the ear Rabbit Experiment 
Magnified diameters. Croton oil was applied hours previously. The 
needle scratch, shown the right the figure, covered with bacteria which 
are also invading the subepithelial tissues. leucocytic exudate present. 

Fic. Same Fig. Magnified diameters. Taken little nearer the 
tip the ear show the marked edema. 

Fic. section the right ear Rabbit Experi- 
ment Magnified diameters. hours previously the ear was immersed 
water 55° for 2.5 minutes. Note the marked edema and complete absence 
cellular reaction. 


PLATE 24, 


trol. Magnified 387 diameters. Injection carmine hours previously. This 
figure shows the polymorphonuclear reaction due carmine irritation 
normal rabbit. 

Fic. section the left lumbar muscles Rabbit 
Experiment Magnified 387 diameters. Injection carmine hours pre- 
viously. There marked edema, but complete absence leucocytes. 

Fic. section the right lumbar muscles Rabbit 
Experiment Magnified 387 diameters. Injection carmine hours pre- 
viously. Note the enormous numbers bacteria and the complete absence 
leucocytic exudate. 
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Fic. Microphotograph section the muscles Rabbit control. 
Magnified 387 diameters. Injection carmine hours previously. This figure 
shows the reaction the connective tissue cells carmine irritation the 
normal rabbit. 
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THE ARTIFICIAL PRODUCTION MAMMALIAN 
PLASMA SUBSTANCES INHIBITORY 
THE GROWTH 


ALBERT WALTON, M.S. 
(From the Bacteriological Laboratory the London Hospital, London.) 
PLATES AND 26, 
(Received for publication, April 1915.) 


The fact that the growth mammalian tissue varies with the 
plasmatic medium and that this variation probably due the pres- 
ence inhibiting and stimulating substances has been shown 
previous has also been shown that the extracts 
various tissues when added the plasma have more less 
specific action the growth the This evidence sug- 
gestive that immunity the growth individual cells might 
artificially acquired animal. 

Many workers have attempted obtain specific cytotoxins and 
cytolysins injecting animals with certain cells and determining 
whether antibodies were found the serum. determining 
whether such bodies were present not the method generally 
adopted was inject the serum the animal thought immune 
into another animal the same species that from which the im- 
munizing agent had been obtained. Cytolysins were many cases 
found present, but they were not specific. after 
considering fully the published results observed many investi- 
gators the above lines gives the results his experiments. 
investigated the nature the growth cells the plasma im- 
munized animals and was able determine that immune bodies were 
present but were not specific. his experiments guinea pigs were 


J., Proc. Roy. Soc., Series B., 1913-14, 452. 
Jour. Exper. Med., 1914, xx, 554. 
A., Jour. Exper. Med., 1914, xix, 277. 
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immunized rat sarcoma and the skin rat embryos. The im- 
portant question whether one animal can immunized the 
tissue another animal the same species has not been investigated 
the method growth vitro. consideration this ques- 
tion would appear importance throwing light upon the 
correlation growth various tissues normal and abnormal 
states the body. conducting such series experiments 
also importance determine what are the changes taking 
place the cells injected. they act tissue grafts, are they 
destroyed the host into which they are placed? 

The present experiments were carried out with view deter- 
mining whether such immunity was specific the one type 
cell. series ten experiments which included the making 
396 cultures was employed. 


Technique. 


adult rabbit was killed and the testicles and portions the 
liver were removed. tissue was divided finely possible 
and made into thick emulsion which could just pass through large 
hypodermic needle mixing with small quantity Ringer’s 
fluid. Onthe same the subsequent day five six cubic centimeters 
testicular emulsion were injected into the peritoneal cavity 
adult rabbit, corresponding amount liver emulsion being in- 
jected into the peritoneal cavity second rabbit. The process 
was repeated twice intervals seven days, that one animal re- 
ceived three doses testicular emulsion and the other three doses 
liver emulsion. Portions liver and testicle were cultivated 
the plasmata these animals and the plasma control animal 
various intervals. The injection this quantity emulsion 
was case followed any injurious results the animal ex- 
perimented upon. 

Experiment adult male rabbits, and were injected, Rabbit 
receiving three intraperitoneal injections cc. each liver emulsion, and 
Rabbit three injections cc. each testicle emulsion, interval one 
week elapsing between each injection. 


Seven days after the last injection Rabbit was anesthetized and blood re- 
moved from the carotid This animal was kept under ether while blood 


All the experiments were done under ether anesthesia. 
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was removed puncture from Animals and The three bloods were cen- 
trifugalized ice. Portions liver and testicle were removed meanwhile 
from Animal and placed Ringer’s fluid. Cultures both tissues were now 
made the Carrel technique each the three plasmata. 

Results—Good growth occurred with both tissues the control plasma 
Animal 

the plasma Animal (immune liver) there was fair growth all 
the specimens testicle, but this growth was always considerably less than 
the controls. the liver cultures not one showed any growth, and the 
specimens after fixation stained very faintly not all, showing that the cells 
were dead (Text-fig. 1). the plasma Animal (immune testicle) there 
was only slight growth the cultures testicle, the growth being considerably 
less than the cases those pieces tissue grown the plasma Animal 
and very much less than the controls the plasma Animal The cul- 
tures liver showed every case trace growth (Text-fig. 2). 


This experiment would appear show that injections liver 
testicle confer immunity which more marked both cases 
liver than testicle. 


Slight Growth 
Liver 
Testicle 


Text-Fic. Animal Immunized with liver emulsion. 
Text-Fic. Animal Immunized with testicular emulsion. 


Experiment 2.—The above experiment was repeated with the same two im- 
mune animals fourteen days after they had received the last injection, another 
control animal, being used. 
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Results—In the control plasma there was good growth both tissues. 
Animal (immune liver) there was only slight growth the cultures 
testicle and growth the cultures liver. Animal there was marked 
growth all the cultures testicle, this being nearly good the controls. 
The cultures liver showed growth (Text-figs. and 2). 


Apparently, therefore, regards the testicle there was in- 
creased immunity the animal injected with liver emulsion, but 
the animal injected with testicle emulsion the immunity was passing 
off that growth was nearly good the controls. Both 
animals still showed, however, definite immunity the growth 
liver. 


Experiment above experiment was repeated with the same immune 
animals twenty-six days after they had received the last injection, another con- 
trol animal, being used. 

Results—Good growth occurred with both tissues the control plasma 
Animal the plasma Animal there was good growth all the cul- 
tures testicle. The cultures liver showed growth four six specimens, 
but the growth was only slight and was always less than the case the con- 
trols. the plasma Animal there was again extensive growth all the 
cultures testicle, this being definitely greater than the controls. The cul- 
tures liver showed growth (Text-figs. and 2). 


Thus after twenty-six days the immunity the growth testicle 
was wearing off the animal injected with liver, while the animal 
injected with testicle anti-immune body appeared have been 
formed. regards the immunity liver this was beginning 
pass off with the animal injected with liver, but was still present 
the animal injected with testicle. 

These experiments seem show that certain immunity was 
produced the growth tissue the injection cellular emul- 
sions, that this immunity was not definitely specific, although was 
always better liver than testicle, and that lasted but short 
time. 

order confirm these results further experiments were carried 
out, the cultures this group being made after each injection and 
continued weekly intervals after the last injection until the results 
were found coincide with those obtained normal animal. 

Experiment adult male rabbit, was injected with cc. liver 


emulsion, and adult female rabbit, with cc. testicle emulsion. Seven 
days later portions liver and testicle were removed from control animal, 
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and cultivated the plasmata the three animals. soon the experiment 
was completed Animals and received second intraperitoneal injection 
liver testicle emulsion. 

Results—There was good growth both tissues all specimens the 
plasma the control animal, the plasma Animal there was 
growth any the specimens either liver testicle. the plasma 
Animal there was slight growth liver and fair growth testicle all 
specimens (Text-fig. 3). 


Hence appeared that the animal injected with liver had already 
good immunity both liver and testicle, while that injected with 
testicle had fair immunity liver and only slight immunity 
testicle. 

Five days after the above experiment Animal died from the 
effects severe bites inflicted another rabbit. adult female 
rabbit, was therefore taken for further injections with liver 
extract. 


“ 
“ 
‘ 
‘ 
‘ 
“ 


Liver 


-------Testicle 
Animal Immunized with testicular emulsion. 


Experiment were made the plasma Animal seven days 
after the second injection, that Animal before injection, and that 
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Results—There was good growth both liver and testicle the control 
animal, the plasma Animal before injection there was again, 
was expected, good growth both tissues (Text-fig. 4). the plasma 
Animal there was growth the liver tissue and only fair growth 
the testicular tissue (Text-fig. 3). 


would appear therefore that after the second injection immu- 
nity the growth liver had definitely increased, but that tes- 
ticle was still slight. 


Experiment were made seven days later the plasma Animal 
seven days after the third injection testicle emulsion, and Animal 
seven days after the first injection liver emulsion, also the plasma the 
control animal, 

Results—There was good growth both tissues the plasma the control 
animal, Animal there was fair growth all the liver cultures, this 
being, however, distinctly less than the control (Fig. 1), but there was still 
good growth the testicle cultures (Text-fig. 4). Animal there was 
growth any the specimens liver and only slight growth the specimens 
testicle (Text-fig. 3). 


10. 


Experiment 


Slight Growth 


Growth 


Control 
Liver 


Text-Fic. Immunized with liver emulsion. 


this case the immunity the animal injected with testicle 
was still very good for the liver and had greatly increased for the 
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testicle. the case the animal injected with liver there was al- 


ready some immunity the growth liver and but little, any, 
the growth testicle. 


Experiment above experiments were repeated eight days later with 
another control animal; that is, fifteen days after the third injection testicle 
emulsion Animal and eight days after the second injection liver emul- 
sion Animal 

was again good growth the controls. the plasma 
Animal there was only slight growth the liver specimens, but the specimens 
testicle still showed good growth (Text-fig. 4). the plasma Animal 
there was good growth all the cultures liver; fact this growth was con- 
siderably better than the controls, but with all the cultures testicle there 


was only slight growth, several the specimens showing growth all 
(Text-fig. 3). 


this experiment there was distinct change the plasma 
the animal injected with testicle. The immunity the liver had 
entirely disappeared and was, fact, succeeded anti-immunity. 
There was, however, still very distinct immunity the growth 
testicular tissue. The animal inoculated with liver injections showed 
increasing immunity the growth liver, but had not yet de- 
veloped any the growth testicle. 


Experiment 8—The above experiments were repeated seven days later; that 
is, twenty-two days after the third injection testicle into Animal and seven 
days after the third injection liver into Animal 

Results—The growth the controls was again good cases. the 
plasma Animal there was growth the specimens liver (Fig. 2), 
and only slight growth the specimens testicle (Text-fig. 4). the plasma 
Animal there was good growth all the specimens liver, but was now 
better than the controls. the case the testicle the growth was dis- 
tinctly better than the case the controls (Text-fig. 3). 


this period, then, the animal injected with testicle had lost all 
its immunity liver and the immunity the testicle had disap- 
peared followed anti-immunity. The animal injected 
with liver had, the other hand, increasing immunity liver 
and was now developing immunity the growth testicle. 


Experiment above experiment was repeated seven days later; that is, 
twenty-nine days after the third injection testicle Animal and fourteen 
days after the third injection liver Animal 

controls usual grew well. the plasma Animal there 
was now very marked growth liver, this being all cases more extensive 
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than the controls (Figs. and 4). The specimens testicle, however, showed 
only very slight growth few specimens (Text-fig. 4). the plasma 


Animal the growth both tissues was similar that the controls (Text- 
fig. 3). 


this stage, therefore, Animal had lost all its immunity. 
Animal the immunity liver had disappeared and this, had 
been the case Animal was followed anti-immunity. 


There was, however, very definite immunity the growth 
testicle. 


Experiment above experiments were repeated seven days later; that 
is, thirty-six days after the third injection testicle into Animal and twenty- 
one days after the third injection liver Animal 

tissues grew well the control plasma. the plasma 
Animal there was still extensive growth liver, especially regards the 
parenchymatous cells, these being much more marked than the controls. 
the case the testicle there was now good growth which was 
slightly better than the controls (Text-fig. 4). the plasma Animal the 
growth both tissues was good and was equal that the controls. 


this stage both animals had lost their immunity, but whereas 
Animal was stage anti-immunity both tissues, that 
they grew better its plasma than the controls, yet the case 
Animal the anti-immunity was also lost and the plasma was 
the same value medium that uninjected animal. The 
results these experiments are well shown Text-figs. and and 
interest note that both cases, although one was injected 
with liver and the other with testicle, immunity the growth 
the liver was more rapidly developed, being followed later inter- 
val immunity the growth testicle. both cases also this 
immunity was followed anti-immunity which was again 
rapidly lost, that the plasma this respect resembled that 
normal animal. The curves show that the extent growth the 
two animals, although varying degree, simulate one another 
remarkable extent and confirm the results obtained Animals 
and far that they show that immunity was more rapidly 
obtained the growth liver, but was followed slightly later 
date immunity the growth testicle. The fact that the 
immunity liver and testicular growth differs point time 
shows that certain extent the inhibition this growth spe- 
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cific, but the experiments also clearly show that not specific the 
sense that the injection liver limits the growth liver tissue only, 
whilst the injection testicle limits only that testicular tissue. 
For both Animals and was seen that the immunity liver 
was more rapidly developed, although one was injected with liver 
and the other with testicle, the same result being also obtained 
Animals and The fact, however, that the growth each 
tissue independently controlled would give rise the belief that 
the future may possible determine method controlling 
the growth one and only one tissue. 

After these experiments were completed the immunized animals 
were killed and was found that the site injection the emul- 
sified tissue formed encapsulated mass which section was 
caseous and necrotic. Microscopical sections showed, general 
rule, necrotic cellular masses which stained poorly. These masses 
were surrounded large numbers round cells and commencing 
connective tissue formation. case was there any evidence 
the injected cells having grown the host. They were all cases 
destroyed and surrounded inflammatory exudates. both ani- 
mals sections were made the liver and was found that the cells 
resembled exactly those normal animal. was impossible 
say that they showed any degeneration necrotic changes the 
result the injection tissue emulsion. 


Active immunity the growth tissue may obtained in- 
traperitoneal injections tissue emulsions. 

This immunity short duration and followed anti- 
immunity. 

The immunity varies for individual tissues both extent and 
the time onset. 

The immunity not specific far that not more marked 
the tissue similar that forming the emulsion. 
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PLATE 25. 


Three days’ growth liver the plasma rabbit seven days after 
one injection liver emulsion. 


Fic. Three days’ growth liver the plasma rabbit seven days 
after the third injection liver emulsion. 


PLATE 26. 


Fic. days’ growth liver the plasma rabbit fourteen days 
after the third injection liver emulsion. 


Fic. days’ growth liver the plasma normal rabbit. 


THE LYMPHOCYTE NATURAL AND INDUCED 
RESISTANCE TRANSPLANTED CANCER. 


JAMES MURPHY, M.D., JOHN MORTON, M.D. 


(From the Laboratories The Rockefeller Institute for Medical Research.) 
(Received for publication, May 28, 1915.) 


former communications, have shown that the resistance 
heteroplastic tissue grafts apparently depends the activity the 
lymphocyte. The chick embryo, which devoid 
any resisting power the growth grafted tissues from foreign 
species, could rendered refractory the adult animal, the 
introduction bit adult homologous tissue rich lymphoid 
elements, such spleen bone Furthermore, adult 
animal deprived the major portion its lymphoid system 
means repeated small doses x-ray, longer resists the growth 
heterologous tissues. The tissue cells from foreign species 
will grow actively till such time the depleted lymphoid system 
the animal well advanced 

Histologically, there striking resemblance between the appear- 
ances presented the failing heteroplastic graft the foreign host 
and the cancer graft the called immune animal. The phe- 
nomenon the same, whether the state resistance the cancer 
one possessed naturally the animal, condition termed natural 
immunity, whether the nature induced immunity de- 
veloped previous treatment the animal. The details the 
various stages the processes observed under the microscope 
need not gone into here.* only necessary say that the 


Jas. B., Jour. Exper. Med., 1913, xvii, 482. 

Jas. B., 1914, xix, 513. 

Murphy, Jas. B., Jour. Am. Med. Assn., 1914, 

4For the literature see Fano, C., Ztschr. Immunitiitsforsch., 
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constant and undisputed fact that both the heteroplastic tissue 
graft and the homologous cancer graft immune animal, there 
pronounced collection small round cells the edges the 
grafts and densely infiltrating the tissues The lymphoid 
elements appear quite early the process and last till completed. 
notable that these elements are absent about the growing cancer 
graft the highly susceptible animal. 

With the above fact hand would seem, arguing from analogy, 
that the lymphocytes might play equally important part im- 
munity transplanted cancer they appear play the re- 
sistance phenomenon heteroplastic tissue grafts. this prob- 
lem mind the following experiments were planned. 


Resistance Transplanted Cancer. 


unnecessary into the details and theories the various 
types resistance the transplanted cancer. This has been done 
length numerous communications the The es- 
sential facts are that mice may rendered relatively immune 
for period giving subcutaneous intraperitoneal injection 
certain amount homologous living tissues least ten days 
before inoculating the cancer graft. Various tissues have served, 
such hashed embryo, embryo skin, spleen, and red blood cells, 
for this purpose. The efficiency the protection varies consider- 
ably, depending the type and amount tissue used, well 
the growth power the cancer certain proportion 
mice inoculated with cancer show natural refractory state 
which varies different families mice and extent accord- 
ing the virulence the tumor. Sometimes this natural resist- 
ance effective that the cancer graft does not become established, 
while the less resistant animal the introduced tumor may grow 
for time and only later overcome and absorbed. These are the 
types immunity which have elected study from the point 
view their general lymphoid reaction. 

general review and literature the subject see Woglom, H., The 
Study Experimental Cancer, Review, Studies Cancer and Allied Sub- 


jects, New York, 128. 
Woglom, loc. cit. 
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all have made detailed studies the blood over eighty 
mice before and intervals after inoculation with cancer both 
immune and susceptible animals. Only one these experiments 
will reported the others gave practically identical results. 

Experiment white mice about the same age and size were selected. 
white blood count and differential count were made establish the normal 
each animal. the mice were given subcutaneous injection 0.3 cc. 
defibrinated mouse blood. days later all animals were inoculated with 
equal sized grafts transplantable mammary carcinoma the 
Blood examinations were made after hours and intervals for something 
over days. The grafts were measured and recorded weekly. The protection 
the immunized animals this series was 100 per cent. Among the controls, 
per cent grew their grafts and per cent were naturally immune. From the 


white count and differential, have estimated the actual numbers the various 
types white cells present. 


Typical examples each group are shown Text-fig. 
being immunized animal, control animal with growing 
tumor, and naturally immune animal. these counts 
have grouped together the large and small lymphocytes; and have 
not differentiated the types polynuclear cells. The changes that 
have taken place have been, however, almost entirely the small 
lymphocyte group. Curve here given, blood examinations 
were made between the count and one twenty-four hours 
after the cancer inoculation, but study large series animals 
has shown variation the count before the introduction the 
cancer graft. assumed, therefore, this case that the normal 
level maintained. 

The immediate increase the circulating lymphocytes present 
the immunized animal constant finding and large propor- 
tion the cases has risen 100 per cent more above the normal 
level during the first twenty-four hours. This well shown the 
composite curve made from the average all this series (Text- 
naturally immune animal. the lymphoid increase de- 
layed, and preceded slight fall. The composite curve (Text- 
fig. C), however, shows that average there slight any 
change during the first twenty-four hours, but the reaction develops 


This tumor was propagated Dr. Woglom and kindly given him. 
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Text-Fic. shows the blood changes typical examples animal with induced 
(shown silhouette bottom); and naturally immune animal. The solid line represents the actual 
dotted line the polymorphonuclear leucocytes. The first count Curve was made before the immunizing 
the cancer inoculation. 
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Composite curves formed averaging the counts for all animals each group. 


munized animals. 


composite curve from number susceptible animals with growing cancers. 


mals, naturally immune transplanted cancer. 


morphonuclear leucocytes. 


The solid line represents the actual number lymphocytes, 
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sometime during the first week and continues rise with some 
variation level between 100 and 200 per cent above normal. 
These animals show, rule, some growth the cancer during 
the first week but after this, retrogression sets in, continuing com- 
plete absorption. the susceptible animal 
there decrease the lymphocytes and tendency for the poly- 
nuclear cells increase This particular animal offered 
little resistance apparently, the rate growth the tumor, 
shown the bottom the text-figure silhouette, would indicate. 
This not uniformly so, however, demonstrated the com- 
posite curve taken from number animals 
with growing tumors. shown slight reaction the end 
the first week which, however, subsides the tumor increases 
size. one animal the series, there was fairly marked 
reaction the lymphocytes the second week, with marked re- 
tardation the growth the tumor. The cancer later broke 
through the resistance which was accompanied corresponding 
drop the mononuclear elements the blood. 

This series experiments shows that the resistant state trans- 
planted cancer, whether the natural induced variety, accom- 
panied marked lymphocytosis. the highly susceptible ani- 
mals this phenomenon absent, while the less resistant ones, 
where the tumor retarded but not checked absolutely, there 
slight but apparently inadequate reaction these cells. 
the immunity dependent the lymphoid not dif- 
ferent matter. the reaction necessary part the immunity 
process, the destruction the lymphocytes the immunized ani- 
mals should accompanied loss the immunity. 


The Effect Lymphoid Destruction the Induced Immunities 
Transplanted Cancer. 


Heineke has shown that x-ray effect manifest first its de- 
struction the have found that repeated small 
doses x-ray® destroy the major portion the lymphoid system 
the mouse without causing apparent injury other tissues pro- 


Heineke, H., Mitt. Grenzgeb. Med. Chir., 1905, xiv, 21. 
Murphy, Jas. B., and Ellis, M., Jour. Exper. Med., 1914, xx, 397. 
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ducing detrimental effect the general health the animal. This 
method offers means testing out the importance the lympho- 
cytic reaction the immune states cancer. have found 
necessary regulate the dose very carefully, too large too 
frequent doses will cause such general disturbance the metab- 
olism that tumors after they develop will grow slowly. Likewise, 
too small amount x-ray will only partially bring about the de- 
sired effect. The following experiment one four which have 
given uniform results. 


Experiment adult mice about the same age and size were selected. 
these were given 0.3 cc. defibrinated mouse blood, and were put aside 
for controls. the immunized animals were subjected small doses 
x-ray for consecutive days means the Coolidge tube, milliamperes, 
inch spark gap, and exposure minutes. Blood examination showed this 
sufficient reduce markedly the circulating lymphocyte, leaving the gen- 
eral health the animal unaffected. days after the blood injection, all 
animals were inoculated with fragment transplantable mouse cancer. 
Text-fig. gives the rate growth cancer the various groups. The 
x-rayed immunized group shows the same number takes does the normal 
series, but the tumors the x-rayed animals grew more rapidly. 


The experiment would seem indicate that the destruction 
the lymphocytes between the period immunizing injection and 
cancer inoculation preventing the usual lymphoid reaction, suf- 
fices abolish the immunity which would otherwise present. 


The Effect Lymphoid Destruction Natural Immunity 
Transplanted Cancer. 


The above experiments have shown that the lymphoid reaction 
the same the naturally immune animals and the animals with 
induced immunity. would expect, therefore, that treatment 
normal animals with x-ray before inoculation with cancer should 
greatly increase the number takes. 


Experiment III. Series rats the same age and size were selected. 
them were given doses x-ray consecutive days amounts suffi- 
cient reduce greatly the lymphoid elements. All the animals were then 
given grafts the Jensen rat sarcoma. the untreated series, only devel- 
oped tumors and these later retrogressed, while the surviving animals 
the x-rayed lot, all developed large tumors which eventually caused death. 

series per cent takes; x-rayed animals 100 per cent takes. 
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CONTROLS IMMUNIZED XRAYED 


Text-Fic. This chart shows the effect x-ray induced immunity. 
The silhouettes show the rate growth the inoculated cancer for con- 
secutive weeks after inoculation. The first group are the normal animals; the 
second, the immunized animals; and the third, animals that were immunized 
and given series small exposures x-ray between the immunizing dose 
and the cancer inoculation. 


Series B.—20 rats the same lot were selected, and these were given 
the same amount exposures x-ray Series All were inoculated 
with equal sized grafts the Jensen rat sarcoma. the normal animals 
survived, which number developed tumors, retrogressing, however, after 
period growth. Among the x-rayed animals lived and all these devel- 
oped large tumors, but retrogressed after period. 
animals per cent takes x-rayed animals 100 per cent takes. 
Series rats were selected and these were given x-ray exposures 
minutes’ duration consecutive days. white blood count and differ- 
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ential were done before and days after the x-ray treatment was discontinued. 
The circulating lymphocytes fell during this time average per cent 
their former number, while the polymorphonuclear cells remained practically 
the same level actual numbers. All the animals were inoculated with 
grafts the Flexner-Jobling carcinoma the rat. the normal series only 
animals developed tumors and these was very slow growth. Among 
the x-rayed animals, all developed tumors which continued grow till the death 
the animals. 

animals per cent takes x-rayed animals 100 per cent takes. 

Series D.—20 mice were used this experiment, being subjected 
minute exposures x-ray consecutive days. All the animals were then 
inoculated with grafts transplantable mouse carcinoma. Among the normal 
animals, out the surviving developed tumors which progressed till the 
death the animal, while the other recovered completely. the x-rayed 
series out surviving ‘mice developed tumors. 

Result—Normal animals per cent takes; x-rayed animals per cent takes. 


will noted that tumors have been used this experiment 
periods when they were giving low percentage takes, 
make the test more rigid. have also this same method suc- 
cessfully transplanted spontaneous tumors x-rayed animals when 
like grafts normal animals failed grow. They act, however, 
much the heteroplastic retrogressing the lymphoid tis- 
sue regenerates. more carefully regulated dosage x-ray 
seems likely that uniform takes could obtained grafts from 
the spontaneous well from the transplantable tumors. 


DISCUSSION. 


The facts they stand from these experiments are (1) that 
marked lymphocytosis arises after inoculation with cancer both 
the naturally immune animals and the animals with induced im- 
munity; and (2) when the lymphocytosis prevented previous 
exposure the animal x-ray the resistant state abolished. 
All the evidence points, therefore, towards the lymphocyte 
necessary factor the immunity processes, and the finding offers 
probable explanation the results Apolant who found that 
was more difficult render splenectomized animals immune 
cancer than intact 


Murphy, Jas. B., loc. cit. 
Apolant, H., Ztschr. Orig., 1913, xvii, 
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Moreover, has been noted that splenectomized animals exhibit 
less resistance the growth inoculated cancer than intact 
ones giving both higher percentage takes and more rapidly 
growing tumors. This fact had been interpreted the result 
removal one the chief organs for antibody formation. But 
circulating antibodies have ever been demonstrated for cancer, 
would seem more probable the light our work that the 
lymphocytic reaction has been interfered with the removal 
one the principal lymphoid organs. are not prepared, how- 
ever, the present time discuss the mechanism the lymphoid 
action cancer immunity, more than state that among the 
several possibilities that present themselves the data hand are in- 
sufficient establish one agency above all others. 


SUMMARY. 


The refractory state transplanted cancer, induced the sub- 
cutaneous injection defibrinated blood, accompanied every 
case definite lymphoid crisis the blood. The rise lym- 
phocytes not present during the interval between the immunizing 
injection and the cancer inoculation but comes sharply within 
twenty-four hours the introduction the cancer graft. con- 
trol animals where the graft leads definite take there such 
lymphoid response, but instances natural immunity the phe- 
nomenon similar that seen artificially induced immunity, 
though the period rise often delayed for several days 
week. 

The lymphoid crisis not merely accompanying factor the 
immune period; essential the process. This demonstrated 
the fact that destruction the lymphocytes x-ray accom- 
panied the loss natural induced resistance the growth 
inoculated cancer. 

The polymorphonuclear cells show tendency increase the 
animals with growing tumors, but further study will necessary 
before any conclusions regarding them can drawn. 
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THE NUMERICAL LAWS GOVERNING THE RATE 
EXCRETION UREA AND CHLORIDES 


INDEX UREA EXCRETION AND THE EXCRETION 
UREA AND CHLORIDES. 


FRANKLIN McLEAN, M.D. 
(From the Hospital The Rockefeller Institute for Medical Research.) 
PLATES AND 
(Received for publication, April 1915.) 


That excretion least certain substances carried the 
kidneys according definite laws, capable numerical expression, 
was shown first for urea Ambard, who formulated these laws 
form known Ambard’s coefficient, and demonstrated the rela- 
tive constancy the formula (1). Similar laws were formulated 
Ambard and Weill (2) for the excretion chlorides. 
later book Ambard (3) reviews the results obtained other workers 
the field, and applies similar laws the excretion water and 
glucose. 

Ambard’s work has attracted attention among French clinicians, 
who have used his coefficient means estimating renal func- 
tion. His conclusions have been criticized writers this country 
the ground that used the inaccurate hypobromite method for 
determination urea both blood and urine, but his critics have 
failed repeat his observations with more accurate methods. 

Using the methods devised Folin’s laboratory for the estima- 
tion urea blood and urine have previously (4) shown the 
relative constancy the Ambard formula for urea normal indi- 
viduals. now present the results much larger series 

reports the work here presented have appeared Am. Jour. 


Physiol., 1914-15, xxxvi, 357; Proc. Soc. Exper. Biol. and Med., 1915, xii, 164; 
Med. Record, 1915, 624. 
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urea and sodium chloride excretion individuals 
with normal excretion. 


Ambard’s Laws. 


Ambard’s first experiments were with dogs. found that when the con- 
centration urea the urine constant the rate excretion varies directly 


the square the concentration urea the blood. His first law thus 
formulated is: 


(Urea blood)? Urea blood 


Rate excretion per unit time 


(when concentration urine constant). 


Secondly, found, comparing different experiments which the con- 
centration urea the blood was the same, that the rate excretion then 
varied inversely the square root the concentration the urine; 


Rate 


This may also expressed 


or, other words, when the blood urea remains constant the rate times the 
square root the concentration the urine remains constant. Introducing this 
factor into the first law have 

Urea blood 
excretion VConcentration urine 


was shown hold true for the same animal for the same individual, 


for animals individuals the same nearly the same weight. For indi- 
viduals different weight became necessary introduce further modifica- 
tion, order make all individuals comparable. This modification based 
the assumption, supported the results experiment, that, other factors 
remaining constant, the rate excretion varies directly with the weight 
the individual. One assumes that the amount active kidney tissue and the 
circulation blood through the kidneys vary directly with the weight. This 
may expressed 


Rate 
Weight 


Constant (other factors remaining constant). 


Introducing this correction into the previous formula, have 


Concentration urea blood 
= Constant. 
Rate 

\ Concentration in urine 
Weight 


This formula expresses all Ambard’s laws the simplest form. order 
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standardize the formula for use human subjects, was expressed Ambard 
follows: 


gm. urea per liter blood. 
urea excreted per hours. 

urea per liter urine. 


This formula known Ambard’s coefficient, and the vaiue obtained for 
Ambard and Weill normal human subjects ranged between 0.060 and 0.070. 
have found the normal variations somewhat greater, and have found 
the usual normal about 0.080. The difference the value the constant 
probably due the more accurate method used for determination urea. 
Table will found the results larger series observations indi- 
viduals with normal excretion. 

The introduction standard weight kilos, standard concentration 
gm. per liter, and the expression rate excretion the rate per 
hours are purely arbitrary, and can not affect the general relationship between 
the variable factors. When these arbitrary factors are kept constant, they, 
conjunction with the constant relationship between the four variable factors, 
tend keep constant, and the actual numerical value determined 
these arbitrary additions the formula. All the observations the French 
school are based the formula thus stated. 

Ambard and Weill also applied laws the excretion sodium chloride 
human subjects. They found that the same general laws were applicable, with 
the important exception that, while excretion urea occurs matter how low 
its concentration the blood falls, there threshold for chloride excretion, 
and when the concentration the plasma falls below this threshold value, 
excretion chloride practically ceases. view the fact that there wide 
difference chloride content the corpuscles and plasma, plasma alone, the 
fluid part the blood, has been studied. Ambard and Weill, partly direct 
experiment and partly plotting curves, established the normal threshold value 
for sodium chloride 5.62 gm. per liter plasma. Therefore the sodium 
chloride above 5.62 gm. per liter determines the rate excretion, and the law 
may expressed for urea, 


Excess NaCl over 5.62 gm. per liter plasma 

NaCl hrs. 

For practical use appears best calculate the plasma sodium chloride from 
the rate excretion, and compare the calculated concentration with that 


actually found. The formula, derived with the use values actually found 
for the constant the above formula, reads 


Constant. 


per liter urine 


Plasma NaCl 5.62 
79-33 


(The symbols have the same meaning the urea formulas.) 
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This, its simplest form, reads 


4.23 Wt. kilos 


The constancy this formula depends two factors: (1) the constancy 
the threshold, and (2) the constancy the rate excretion sodium chloride 
above the threshold. their original contribution Ambard and Weill (1, 
believed that the threshold was quite constant normal individuals. Later they 
recognized some variation the threshold normal individuals, though this 
variation seems relatively slight. Assuming that the laws for rate 
excretion sodium chloride over the threshold remain constant normal indi- 
viduals, one may calculate the threshold subtracting the calculated excess 
from the sodium chloride actually found the plasma, and our figures for the 
variations the threshold are based the following formula: 


4.23 

This formula subject error the rate excretion over the threshold varies. 
have not found that the urea excretion gives any basis for estimating the 
rate sodium chloride excretion, and accordingly have not used Ambard’s com- 
bined formula for calculating the threshold sodium chloride excretion. Our 
figures the threshold are only regarded approximate, since have 
far means recognizing variations rate excretion over the threshold. 

The principles the laws urea and chloride excretion may illustrated 
very simple way. imagine vessel into which water flows con- 
stant rate, escaping through outlet the bottom, the water will seek the level 
the vessel which the pressure such that the rate outflow exactly 
equal the intake. then increase decrease the rate inflow, the level 
will change meet the new conditions. The change level the fluid the 
vessel may regarded compensatory change. Under physiological condi- 
tions fluctuations the level blood urea compensate for changes the rapidity 
formation urea, and changes the level chloride the plasma compen- 
sate for fluctuations chloride intake. Under pathological conditions changes 
the level urea and sodium chloride the blood also occur compensate 
for changes the outlet, the form diseased kidneys. the case chlo- 
rides the outlet the vessel must considered being some distance from 
the bottom, and such case only the level fluid above the outlet would play 
any part determining the rate outflow, which would cease when the level 
fluid fell the level the outlet. Similarly, only the chloride above the 
threshold determines the rate excretion, which practically ceases when the 
threshold value reached. 


Index Urea Excretion. 


Ambard’s coefficient expresses changes urea excretion 
variations the value these variations must expressed 
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arbitrary scale. Values for increase directly with increase 
Ur, other factors remaining the same. Changes then reflect 
changes the blood urea, which changes occur the square root 
changes rate excretion. order express the changes 
rate excretion manner mathematically correct and based 
scale 100 for the sake comparison, have used formula 
adapted from the laws Ambard, which have called index 
urea excretion. index 100, corresponding value for 
Ambard’s coefficient 0.080, the standard normal index, and 
variations are expressed directly terms the normal. Thus, 
index indicates rate excretion per cent normal 
under the conditions concentration the blood and urine. The 
index based standard normal Ambard’s coefficient 0.080. 
The actual normal variations the index are shown Table 
The derivation the index follows: 


(Rate excretion found) 
(Standard normal rate) 


100 


(under the same conditions weight, and concentration blood and urine). 
From the laws Ambard: 


rate 0.080 
Rate 0.080 
0.080 


Substituting for (Ambard’s coefficient) and simplifying, 


Index Gm. urea per hrs. VGm. urea per liter 
Wt. kilos (Gm. urea per liter blood)? 


When the standard normal, (index urea excretion) 100. 


this form the index offers means measuring the rate 
excretion, under the conditions found any given time, directly 
terms the normal, and does not require the use empirical 
scale for comparison pathological cases with the normal. 
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Normal Excretion Urea and Sodium Chloride. 
Methods for Observation. 


Collection Specimens.—Short periods are preferable for obser- 
vation. collecting the urine over given period and withdraw- 
ing blood the middle the period, the blood sample may as- 
sumed represent the average for the period. food water 
taken during the period, and the period not too soon after 
heavy meal, the rate excretion during the period will remain 
practically constant. have taken, rule, period 
minutes, during either the forenoon afternoon. One-half hour 
before the period the subject drinks 150 200 cc. water, and 
takes more fluid food until the observation period ended. 
the beginning the period the bladder emptied. minutes 
later about cc. blood are taken from arm vein into 
dry tube containing about 100 mg. powdered potassium oxalate, 
and mixed with the oxalate prevent clotting. the end 
minutes after the bladder was first emptied, the specimen urine, 
representing the total amount secreted during the minute 
period, collected, carefully measured, and used for analysis. 
hours, and the calculation hours made somewhat easier. 
should remembered that the expression rate excretion 
the basis hours need bear relation the amount actually 
excreted hours. The rate actually determined for the 
shorter period, and calculated hours standard period 
which base all results. 

Methods for accurate analyses are necessary, 
when one desires determine quantitative relationship such 
here described. The urea content whole blood? and urine are 
present determined the use urease, the specific enzyme soy 
bean adapted quantitative determinations urea Marshall 
(5). have used the permanent preparation urease described 
Van Slyke and Cullen, and the procedure advised them (6). 
This method capable great refinement, and gives very accurate 
results when carefully controlled. Urine determinations are always 


2The urea content whole blood slightly lower than that plasma. 
Whole blood always used. 
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accompanied determinations preformed ammonia, and the 
figure for urea plus ammonia thus corrected. Duplicate analyses 
blood are advantage when sufficient amount blood 
hand, but with careful technique are hardly necessary. Duplicate 
analyses urine are unnecessary. One must carefully control the 
activity the enzyme used, the method for standardizing de- 
tailed Van Slyke and Cullen; since the activity below the 
specified standard, the enzyme may fail decompose all urea present 
the time allowed. Reagents contaminated with ammonia must, 
course, avoided. 

After removing the portion whole blood for urea determina- 
tion, the remainder centrifugalized high speed throw down 
all corpuscles, and the plasma pipetted The total chlorides 
both plasma and urine are then determined and calculated 
sodium chloride. For plasma have used the method recently 
described the author and Van Slyke (7). this method ac- 
curacy within per cent may obtained with cc. plasma, and 
duplicate analyses are rarely necessary. When the plasma al- 
lowed stand contact with the cells there slight tendency for 
plasma sodium chloride diffuse into the cells. will seen 
the following figures, this change occurs very slowly and 
necessary only centrifugalize within two three hours avoid 
this danger. have usually centrifugalized within hour after 
the blood was drawn. 


Effect the Time Separation Plasma from Cells the Chloride 
Content Plasma. 


At once, 


Plasma separated from red cells centrifuge. 
per liter. After NaCl per liter. 


gm. hrs. gm. 


Urine chlorides are determined modified Volhard titration. 
Titration the excess silver with ammonium sulphocyanate per- 


Serum clotted blood never used. 
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formed the presence the silver chloride precipitate and per 
cent nitric acid, after five minutes have been allowed for complete 
precipitation the chloride. With this method removal the 
proteins unnecessary, has been shown Bayne-Jones (8), 
and results are uniformly accurate within 0.2 gram per liter, 
which sufficient for the present purposes. 

From the urea and chloride determinations the values obtained 
are substituted the proper formulas described. 

The administration water before the period order pre- 
vent apparent retention due dehydration the organism. 
fair amount urine thus obtained one need never obtain results 
normal individuals simulating those subjects actually re- 
taining urea. Apparently sodium chloride still less dependent 
water intake than urea. Diet, especially regards chloride and 
nitrogen intake, unimportant from the standpoint the observa- 
tions, the formulas are independent the intake. there- 
fore unnecessary put individual standard weighed diet 
order obtain comparable observations. 

Calculation.—The substitution values found analysis the 
formulas and the calculation the formulas itself consid- 
erable task the ordinary arithmetical processes are used. Log- 
arithms are advantage, but they are also laborious. simplify 
the process calculation, and thereby reduce both the labor and the 
chances error, slide-rule has been adapted the formulas. 
the use this device not even necessary remem- 
ber the formulas; the whole calculation becomes matter 
only few seconds, and purely mechanical. Figs. and show 
the rule adapted the calculation both urea and sodium chlo- 
ride formulas. the usual form ten inch slide-rule, with the 
addition certain scales and indices. The manipulation quite 
simple and rapid, requiring knowledge the mathematical prin- 
ciples involved the formulas.* 

rule, with directions for use, may obtained from Keuffel and Esser 
Co., 127 Fulton Street, New York. 


The same rule adaptable all problems multiplication and division, and 
great service all laboratory calculations. 
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The Excretion Urea. 


Table includes all observations made urea excretion normal 
individuals, including those previously reported McLean and 
Selling (4). This table also includes observations made few 
hospital patients with normal excretion and selected for this pur- 
pose. does not include much larger series observations made 
hospital patients whom the urea figures fell within normal limits, 
but who could not properly classified patients with normal 
kidneys. The patients utilized were, for the most part, cases with 
heart lesions, fully compensated, without signs renal involvement, 
and, except where specified, not under the influence drugs. These 
cases, conjunction with those strictly normal, furnish basis 
comparison for study patients with abnormal excretion. 

Discussion Table will seen, have calculated 
each case, addition the index urea excretion, the two for- 
mulas 


stated above, the latter formula expresses the laws Ambard 
the simplest form, without distortion addition the constants 
used Ambard’s coefficient; and have used this formula 
test the validity the laws and the constancy the normal re- 
lationship. great part the apparently considerable variation 
the index due the construction the formula, that the 
index varies directly with one factor the law; e., with the rate 
excretion. show the actual deviation from the law have 
adopted 0.30 normal value for 


corresponding index 100, and have tabulated the percent- 
age variation from the law expressed this way. Deviations 
where the rate excretion greater than that corresponding 
the standard value 0.30 are indicated those less 


| 

‘ 


Franklin McLean. 221 


TABLE 
The Relation the Rate Urea Excretion Concentration Blood 107 
Observations Individuals with Normal Excretion, Arranged according 
Concentration Urea the Blood. 
Index urea excretion calculated from the formula, 
Gm. per hrs. VGm. per liter 8.96 
Wt. kilos (Blood urea)? 
Urea 
Wim 
n =) Gu. Ga [Ue | 


| | \thenia. 


regurgi- 

tation. 

regurgi- 


Those with initials italicized were healthy normal adults. The numbers are 
hospital records. 
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TABLE I.—Continued. 


Urea. 
cc. per cent 
32| May 59.8 |17.7 1.02) 0.30 
sclerosis. 
arthritis. 
stenosis. 
47| 2,365....| May 65.2 7.3 |30.0 0.29 
thalmic 
goitre. 
stenosis. 
regurgi- 
tation. 
Mar. 69.0 17.45 30.7 |147| 0.25 +16 
lar fibril- 
lation. 
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Subject. 


106| F.C.M... 


Date. 


Weight. 


kilos 
66.8 
71.0 
67.5 
70.0 
72.0 
60.0 
77-2 
55-0 


55-0 
61.0 
66.0 
45.0 
76.8 
70.0 
73-0 
70.0 
66.4 
77-2 


70.0 
59.0 
65.8 
70.8 
70.0 
70.0 
55.0 
52.0 
70.0 
60.0 


53-2 
61.0 
70.0 
81.6 
81.6 


84.0 


Urea. 


Urine per 
24 hrs. 
Gm. per 
liter 
blood Ur. 


595|0.366 


0.416) 


1,275 0.437 
988 0.470 

1,536 0.513 

0.539 

4,320 0.542 


0.577 


Gm. per 
liter of 
urine C, 


20.7 
21.2 |26.5 
20.7 |18.8 
|24.8 
21.8 |23.9 
31.2 
23.2 


23.5 |22.4 
22.6 
19.8 |26.5 
25.6 
23.5 |30.0 
22.8 
|23.8 
25.2 


22.3 |33.8 
|36.6 
|43.0 
|20.0 
|23.7 
|28.6 
24.8 


31.0 9.6 
|52.6 


23.9 


0.29 
0.26 


85) 0.33 


0.27 
0.33 
0.33 
126| 0.29 


0.25 
0.33 


0.27 
0.28 
0.31 


0.31 


| | 
2.03; 0.20 


0.27 


0.24 
0.25 
0.33 


0.28 
0.25 


Deviation from 
standard 
normal, 


per cent 


Remarks, 


Urea 
gm. 


Heart 
block. 


Urea 
gm. 
Urea 
gm. 
Urea 
gm. 
Urea 
gm. 
Urea 
gm. 


74 Apr. 18 | —I0 | 
F.C.M ..| Apr. +16 
2,365....| Mar. +20 
90| 2,365....| Jan. +16 
| 
| 
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Examination the tables shows general increase the 
value 


parallel with the increase the concentration urea the blood. 
The result this parallelism keep the formula 


relatively constant. The maximum deviations, tending toward 
increase rate excretion, nearly all fall those observations 
made when the blood urea figure was below 0.300 gram per liter. 
this group number individuals show index 200 more, 
corresponding deviation +33 per cent from the normal 
laws. The probable reason for this discussed below. 

Particular interest, both from the physiological and clinical stand- 
point, attaches the observations which the blood urea between 
0.300 and 0.500 grams per liter. within these limits that 
blood urea figure may quite normal, may occur with retention. 
Within these limits are observations. these observations, 
52, per cent, lie within per cent the standard normal, 
corresponding range the index from 125. 69, 
per cent, come within range per cent the standard 
normal. the two outside this limit, one, previously reported, 
had apparent retention due dehydration, the other was experi- 
ment following the administration urea mouth. Out the 
total 107 observations, only have index below 80. these, 
Nos. and 102 are directly attributable the small amount 
water ingested and the small amount urine excreted, and such 
results are easily avoided normal individuals providing suffi- 
cient amount water before the observation. No. 107 followed 
limit normality, when the index used measure renal 
function. 


Attention should called the conditions following the in- 
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gestion large amounts urea. one case concentration 
0.52 gram urea per liter blood was attained after 
grams urea, and two observations the index was quite normal, 
the rate excretion reaching one time 84.7 grams urea per 
twenty-four hours. have not observed concentration urea 
the blood above 0.500 normal individual under ordinary 
circumstances, and this concentration would very difficult for 
normal person attain without ingestion urea, account 
the very rapid rate excretion which takes place when the concen- 
tration the blood approaches this level. 

Since have observed blood urea figures between 0.300 and 
0.500 about thirty times perfectly normal individuals under 
usual conditions diet, there can question that such 
figures are within the usual range. During the same time have 
found the blood urea below 0.300 only twenty-three times the same 
class individuals. Since the laws excretion hold very closely 
for the range from 0.300 and 0.500 and show greater deviations 
below 0.300, appears that the lower figures the blood are due 
rate excretion, which, while not any sense abnormal, higher 
than that shown the majority individuals. These figures 
occur mainly young, active adults. should noted that the 
variations the blood urea figure, well the index, are 
great for single individuals they are for all normals. 

may summarize the findings regarding normal urea excretion 
follows: The normal concentration urea the blood varies 
from about 0.200 0.500 grams per liter, the same different 
individuals. The rate excretion determined this concentra- 
tion and the rate water output. The laws given above hold 
closely for concentrations urea the blood between 0.300 and 
0.500 grams per liter, and somewhat less for concentrations below 
0.300, the tendency the latter case being toward higher rate 
excretion. Findings simulating those urea retention are easily 
avoided providing for sufficient output urine, adminis- 
tering water before the period observation. 
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Normal Chloride Excretion. 


Table summarizes the results obtained from observations 
chloride excretion. The class individuals used and criteria 
selection were the same those Table many the observations 
the two tables being made simultaneously. this table have 
arranged the observations order according the calculated value 
plasma sodium chloride from the formula given, and have com- 
pared each case the concentration actually found. The difference 
actually found was higher lower than the concentration calculated 
from the rate excretion. have also calculated the threshold 
each case, ¢., the threshold which 


4.23 


being added will give the concentration actually found the plasma. 
will seen that the whole there remarkably close agree- 
ment between the actual and calculated plasma sodium chloride, 
and this agreement usually within the limit error determin- 
ing the plasma sodium chloride. The threshold therefore very con- 
stant about 5.62 grams per liter, originally stated Ambard 
and Weill. The actual average all values for threshold the 
table 5.61 grams certain amount deviation, yet un- 
explained, must recognized. The maximum variations observed 
are from 5.24 5.84 grams. observations, per cent, 
are within range 5.52 5.72 grams. 50, per cent, are 
within range 5.57 5.67 grams, within range experimental 
error the average threshold 5.62 grams. 

The deviations from the threshold have occurred mainly young 
active individuals. has been striking feature, not alone the 
figures presented, that hospital patients with normal excretion, 
leading well regulated lives, have average greater degree con- 
stancy the chloride threshold and excretion than strictly normal, 
active individuals. 

previously mentioned, Ambard attributes certain changes 
the threshold the relation diet, time meals, etc. Table III 
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shows the findings from observations made the 
viduals just preceding and two three hours after heavy noon 
meal. This table includes the maximum variations the threshold 
that have been found, both directions. Out nine observations, 
only two, Nos. and there evidence any appreciable 
change the threshold between the morning and afternoon periods. 
one these the threshold was already very low the morning 
and was still lower the afternoon. No. the threshold was 
apparently raised between the two periods. none the cases 
was any particular attention paid diuretics, most the subjects 
drinking tea with the noon meal. 

The individual variations the chloride threshold and excretion 
are also interest. Table contains the results numerous 
observations made the same individuals and shows the range 
variations that may encountered under conditions that are ap- 
proximately identical. Nos. and are normal individuals; 
and are cardiac cases with full compensation. Nos. and 
include some observations subjects under the influence dig- 
italis; No. includes only the observations made when the patient 
was not under the influence any drugs. Subject whom 
the greatest number observations was made, shows the maxi- 
mum variation. There was tendency toward high threshold 
most times, and lowered threshold occurred only under the diuretic 
effects large doses urea. 

comparison the chloride results with the blood urea figures 
and the index urea excretion discloses interrelationship be- 
tween the two functions. high low threshold for 
chlorides may exist coincidently with high low blood urea 
high low index. evidence has been found which causes 
believe that the normal variations chloride and urea functions are 
parallel. The degree constancy chloride excretion more 
striking than that urea, and remains the presence the 
maximum variations urea function. 

The findings regarding normal chloride excretion may sum- 
marized follows: The normal and usual range concentration 
chlorides human plasma from 5.62 6.25 grams sodium 
chloride per liter higher, according the amount ingested. 
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the excess over threshold about 5.62 grams per liter depends the 
rate excretion, the laws governing which may expressed 
numerically. concentration below 5.62 grams per liter has 
been observed normal individual. 


DISCUSSION. 


the above laws for both urea and sodium chloride four variable 
factors are considered namely, the concentration blood and urine, 
the rate excretion, and the weight the individual. Indirectly 
the water content the blood considered; inasmuch in- 
fluences the rate water output and thereby the concentration 
urea sodiuni chloride the urine, and the rate their excretion. 
The use body weight the formula implies that the amount 
blood flowing through the kidneys given time relatively con- 
stant per kilo body weight, and also that the amount func- 
tionating kidney tissue direct proportion the body weight. 
That the factors blood flow, etc., are subject variations from 
time time, the same individual, well different indi- 
viduals, can not doubted. That the normal variations the 
laws are due such changes can not present shown, but 
seems that these factors could controlled, the degree con- 
stancy might much higher. Inasmuch the variations dif- 
ferent individuals far different weights and proportions are 
greater than the variations the same individual different times, 
the relation body weight the rate excretion seems well es- 
tablished. Body temperature has been shown Ambard 
some importance, but the normal variations are apparently not suf- 
ficient influence the rate excretion. That such number pos- 
sible factors influencing physiological process, such the rate 
excretion urea sodium chloride, can controlled and brought 
into numerical laws which show high degree constancy 
importance from the standpoint normal and pathological 
physiology. suggests that many the called vital processes 
may work under laws definite the better known laws physics. 
The rate flow liquids under different conditions has long been 
subject numerical expression the laws hydrostatics. That 
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least certain functions body tissues can well defined now 
appears probable. 


CONCLUSIONS. 


The excretion urea and chlorides the normal individual 
carried out according definite laws, capable numerical ex- 
pression. 

The rate excretion urea and sodium chloride de- 
termined the concentration the blood, the rate water output, 
and indirectly the weight the individual. 

The threshold sodium chloride excretion practically con- 
stant about 5.62 grams sodium chloride per liter plasma. 
Slight variations the threshold occur normal individuals. 

The rate excretion urea under the conditions found 
any time can measured directly terms the normal 
index urea excretion. 
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EXPLANATION PLATES. 
Figs. and show slide-rule adapted calculation urea and sodium 
chloride formulas. 
PLATE 27. 


Fic. II, and III show the calculation the urea index. 


Example. 


Gm. urea excreted per hrs., 20.0 
Gm. urea per liter urine, 
Gm. urea per liter blood, Ur= 0.330 
Body weight kilos, Wt= 55.0 


55.0 scale set opposite 20.0 scale (first position). 
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II. Hair line runner moved 11.0 scale (second position). 
III. Slide moved that 3.30 scale hair line runner (third position). 
Reading now made the arrow which points scale and between 99.0 
and 100.0. Therefore the index, 100.0. 


PLATE 


Fic. IV, and show the calculation plasma sodium chloride. 


Example. 


Gm. sodium chloride excreted per 18.0 
Gm. sodium chloride per liter urine, 
Body weight kilos, 40.0 


IV. 40.0 scale set opposite 18.0 scale (first position). 
Hair line runner moved 9.0 scale (second position). 
VI. Constant 4.23 scale moved hair line runner. 
Reading made opposite the arrow scale, which 0.57. 
Calculated plasma sodium chloride 0.57 6.19. 
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EXTIRPATION THE PINEAL BODY. 
WALTER DANDY, M.D. 
(From the Department Surgery Johns Hopkins University, Baltimore.) 
PLATES 36. 


(Received for publication, May 21, 1915.) 


The pineal body until recently has been regarded merely very 
curious vestigial inheritance, serving the chain evolution 
reminder far distant functioning pineal central eye. There 
seems have been nothing its macro- microscopic appearance 
sufficiently noteworthy stimulate the especial interest either 
anatomists physiologists. Its inaccessible location has, perhaps, 
deterred experimenters from undertaking investigations appar- 
ently little promise. 

Tumors the pineal had not infrequently been reported path- 
ologists, but there was nothing which seemed significantly correlative 
the pathological findings and the clinical signs and symptoms. 
marvelous story the thyroid, parathyroids, hypophysis, and 
adrenals is, doubt, largely responsible for the recent endeavors 
promote the pineal position like importance among the 
endocrine glands. 

1898 presented case markedly precocious sexual 
and less pronouncedly precocious somatic development. The patient 
was boy years with pubic hair cm. long, penis and testicles 
large the normal puberty. The were conspicuous. 
The body development was equal that boy 
was abnormally fat. diagnosis tumor the hypophysis was 
made. The following year this case was reported Oestreich and 
Slawyk,? who found autopsy teratoma the pineal. Almost 


Oestreich, R., and Slawyk, Riesenwuchs und Zirbeldriisen-Geschwulst, Vir- 
chows Arch. path. Anat., 1899, clvii, 475. 
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simultaneously Ogle* reported very similar case, boy years 
with precocious sexual development. The precocity was principally 
evidenced enlarged penis and the presence pubic hair. 
The testicles were about normal this instance also ter- 
atoma the pineal was found post mortem. 

1907, collected from the literature about forty cases 
pineal tumor and added case his own. Marburg’s patient 
presented precocity either sexual somatic; was merely too 
fat. Marburg endeavored establish pineal clinical entity, and 
ventured even pronounce upon the degree, given case, the 
activity this gland. classified all pineal glandular symptoms 
under the three heads, hypopinealism, hyperpinealism, and apineal- 
ism. Hypertrophy the genitals and precocity were found 
hypopinealism, adiposity hyperpinealism, and cachexia apin- 
ealism. 

According this conception, the pineal and pituitary would seem 
have antagonistic activities. Hypertrophy the pineal ex- 
pected produce adiposity indistinguishable from 
dystrophia adiposogenitalis hypopituitarism. Atrophy the 
pineal would accompanied genital and somatic hypertrophy 
and precocity, whereas acromegaly results from hyperplasia the 
pituitary gland. Cachexia described with both apinealism and 
apituitarism. 

was Marburg’s view that the pineal, normally functioning only 
during the early years life, inhibited genital and somatic growth 
and sexual characteristics, and that its partial destruction tumors 
with the resultant hypopinealism permitted, uncontrolled, the de- 
velopment these features. Consequently, tumors older youths 
and adults would not cause sexual abnormalities, because the pineal 
them had ceased function. This view accord with the 
anatomical evidences its involution after the early years life. 


(1.) Sarcoma the Pineal Body, with Diffused Melanotic Sar- 
coma the Surface Cerebrum. (2.) Tumor Pineal Body Boy, 
Path. Soc. London, 1898-99, 

O., Zur Kenntnis der normalen und pathologischen Histologie der 
die Adipositas cerebralis, Arb. neurol. Inst. Univ. Wien, 
1908, xvii, 217; Die Adipositas cerebralis. Ein Beitrag zur Pathologie der Zir- 
beldriise, Wien. med. 1908, 2617. 
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must emphasized that the time Marburg’s publication 
there had been absolutely significant experimental investigations 
the pineal and that his classification based solely clinicopath- 
ological also that about forty cases tumor the 
pineal gland only the two above mentioned instances was there 
any sexual, somatic, mental precocity. several cases varying 
degrees adiposity had been noted. also worthy note 
passing that both cases sexual precocity the tumor was tera- 
toma. 

Since Marburg’s publication many cases pineal tumor have been 
added, the total now being about sixty cases. Von Frankl-Hoch- 
case, also teratoma the pineal, boy years, 
rather large for his age, showed sexual hypertrophy and precocity 
two months before death. The patient developed deep voice and 
the genital hair was equal that boy was also 
mental precocity. Raymond and Claude® added case which pre- 
sented increasing adiposity, and somatic development but without 
sexual changes. With the exception rather frequent adiposity 
the other cases have shown but little indicate glandular influences. 

Experimental work has since been added but with contradictory 
results. general, attempts have been made reproduce called 
hyperpinealism feeding pineal extract and apinealism hypo- 
pinealism extirpation the pineal. feeding experiments 
guinea pigs, chickens, and dogs, increase weight 
together with earlier sexual maturity and sexual characteristics re- 
sulted. Dana and fed pineal extract young bullocks 
and calves guinea pigs, rabbits, and kittens, and noted per 
cent increase weight over the controls. Later fifty children were 
injected with pineal extract, but they grew height and weight 

Frankl-Hochwart, Uber Diagnose der Deutsch. 
Ztschr. Nervenh., 455. 

Raymond, F., and Claude, H., Les tumeurs glande pinéale chez 
Bull. méd. Paris, 1910, series 265. 

McCord, P., The Pineal Gland Relation Somatic, Sexual and Mental 
Development, Jour. Am. Med. Assn., 1914, 232. 

Berkeley, N., Dana, L., Goddard, H., and Cornell, S., The 
Functions the Pineal Gland, with Report Feeding Experiments, Med. Rec., 


1913, Ixxxiii, 835. Dana and Berkeley, The Functions the Pineal Gland, 
Month. Cycl. Pract. Med., 1914, xxviii, 78. 
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less rapidly than the controls, though distinctly greater mental 
improvement was observed. These observers think there 
doubt that injections pineal will clear low grades mental defi- 
ciency. claims are quite similar those McCord, who 
noted mental precocity his pineal-fed puppies. 

Attempts have been made remove the pineal Exner and 
Boese,® and The results these investigations 
add even more confusion. Exner and Boese found absolutely 
changes following complete partial removal the 
teschi found adiposity, greater somatic and genital development, and 
sexual precocity young dogs. Following extirpation the pineal 
chickens, Foa observed premature development the primary 
and secondary sexual characters. 

Briefly, therefore, adiposity may result feeding pineal extract 
(McCord, Dana, and Berkeley) complete partial removal 
the pineal (Sarteschi). somatic precocity may result from 
feeding pineal extracts (McCord, Dana, and Berkeley), from 
partial complete removal the pineal body Sarteschi), 
nothing may result from its partial complete destruction (Exner 
and Boese). Such the paradoxical experimental support for Mar- 
burg’s hypothesis pineal 

The foregoing presented purely objective, concise sum- 
mary our present knowledge the pineal. detailed consider- 
ation the clinical and experimental observations will given 
subsequent communication. The purpose this paper re- 
port briefly the results pinealectomy series young puppies 

A., and Boese, J., Ueber experimentelle Exstirpation der Glandula 
pinealis, Deutsch. Ztschr. 1910, cvii, 182; Uber experimental Exstirpa- 
tion der Glandula pinealis, Neurol. Centralbl., 1910, xxix, 754. 

C., Ipertrofia dei testicoli della cresta dopo della 
ghiandola pineale nel gallo, Pathologica, 1911-12, iv, 445. 

Sarteschi, U., sindrome epifisaria macrogenitosomia precoce” attenuta 
sperimentalmente nei mammiferi, Pathologica, 1913, 797. 

should also noted that Pellizzi (Pellizzi, B., sindrome macro- 
genitosomia Neurol., Centralbl., 1911, xxx, 870), presented 
two cases somatic and sexual precocity without substantiation the diagnosis, 
cases “la sindrome epifisaria macrogenitosomia precoce.” the absence 
anatomical proof and the rarity correct clinical diagnosis pineal tumor, 


this evidence can not accepted. was Pellizzi’s laboratory that the experi- 
mental work Sarteschi was conducted. 
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and describe the method which has been evolved for extirpation 
the pineal body. 


Experimental Removal the Pineal. 


the higher mammals the pineal deeply situated, minute, 
and intimately associated with important and easily injured struc- 
tures that its removal operation has been regarded impractical. 
covered the splenium the corpus callosum and the vena 
Galena magna. lies between the anterior corpora quadrigemina, 
and consequently just above the aqueduct Sylvius. sit- 
uated almost exactly the center the brain. Its removal neces- 
sitates opening the third ventricle, the posterior wall which 
forms part. The greatest the dangers encountered the 
removal the pineal hemorrhage, and especially hemorrhage into 
the ventricles. The greatest difficulty the definite recognition 
the gland. 

Foa has successfully excised pineals from chickens, but with the 
exception Sarteschi’s work, the removal the pineal higher 
mammals has not been successful. Exner and Boese attempted its 
removal dogs but soon yielded the more expedient but objection- 
able method cauterization. these investigators the cautery 
was inserted blindly through trephine opening the skull. This 
procedure was accompanied very high mortality. From 
series animals, death resulted from the operation 75. The 
principal cause death was hemorrhage. not surprising, 
since successful introduction the cautery must almost necessarily 
perforate the vena Galena magna. Sarteschi’s operative results 
were almost equally disastrous. dogs operated upon only 
survived. ascribes the mortality hemorrhage, trauma, and 
anesthesia. ligates both carotid arteries preliminary pro- 
cedure, divides the superior longitudinal sinus, and arrives the 
pineal separating the cerebral hemispheres and elevating the 
splenium. The destruction both carotid arteries and the superior 
longitudinal sinus seriously complicates the interpretation results. 
Destruction the great vein Galen may also important 
complication. Into this vein passes practically all the blood from 
the interior the brain. The collateral venous supply for the 
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vein inadequate that its occlusion results internal hydro- 
cephalus. The amount cerebral destruction incident the above 
mentioned procedure Sarteschi also significant. 


Evolution the Operation upon the Pineal Body. 


series experiments internal hydrocephalus the 
three years ago, the vein Galen was occluded the 
application silver clip, and the development this procedure 
field operation very close the pineal was made accessible, 
and thus the possibility removal this structure was suggested. 

elaboration the method approach, operation was de- 
vised which free from the objections inherent operations which 
entail cerebral destruction, vascular injury, the endangering 
the vitality other cerebral structures. results which might 
noted could attributed only the uncomplicated loss the 
pineal body. The operation described was successfully per- 
formed young puppies from ten days three weeks old under 
ether anesthesia plus preliminary, relatively high dose morphia. 
Despite the long duration the operation, which usually required 
two and one-half three and sometimes four hours, the animals 
recovered very quickly, and the following day were almost 
active and playful the controls (Figs. and 6). 

opening about cm. length was made the vault the 
skull, extending posteriorly the inion and mesially the midsag- 
ittal line. The dura was opened and reflected over the superior 
longitudinal sinus. The occipital lobe was then carefully retracted 
and following the ligation small vein, which bridges the space 
between the brain and the falx cerebri, the tip the tentorium cere- 
belli (osseum) was quickly exposed and the terminus the vena 
Galena magna brought into view. Then very tedious and pains- 
taking liberation this vein was begun. alternately freeing 
the vein with careful blunt dissection and controlling the hemorrhage 
with pledgets cotton, the inferior surface the vein was liberated 


Dandy, E., and Blackfan, D., Internal Hydrocephalus, Experi- 
mental, Clinical and Pathological Study, Jour. Am. Med. Assn., 1913, 1xi, 2216; 
Internal Hydrocephalus, eine experimentelle, klinische und pathologische Unter- 
suchung, Beitr. klin. Chir., 1914, xciii, Experimental and Clinical Study 
Internal Hydrocephalus, Am. Jour. Dis. Child., 1914, viii, 406. 
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and the corpora quadrigemina exposed. The vein was then carefully 
elevated order work beneath it, and the median groove between 
the corpora quadrigemina was slowly followed anteriorly until the 
pineal body was reached. The pineal was then caught small 
biting forceps and removed. From series twelve dogs, 
varying ages, not one survived the operation longer than one two 
hours. Invariably the postmortem examination disclosed the ven- 
tricles full blood, which was presumably the cause death. The 
bleeding from the numerous venous and arterial radicles the 
enveloping pia always resulted the time removal the gland. 
Extirpation the pineal necessitated opening the third ventricle 
because the incorporation this structure its posterior wall. 
Two years later the same plan attack was again tried, but the 
pineal was dissected out more thoroughly before removal order 
minimize the hemorrhage when the ventricle was opened. An- 
other addition the technique the operation and one which has 
proved the greatest importance was open the third ventricle 
point over the pineal body before attempting its removal. This 
not only permitted more room release the fluid, but, more im- 
portant still, collapsed the cerebral ventricles that hemorrhage 
should occur would not into the open ventricles and thus cause 
distention the brain and possibly rupture the cortex. 

With these modifications this operative procedure became suc- 
cessful. The small amount bleeding which resulted was sponged 
away with pledgets cotton and was always under control. 

The operation performed was, however, very unsatisfactory 
because its great difficulty and the length time required for its 
accomplishment. The most patient and assiduous care the control 
hemorrhage wet and dry cotton pressure had exercised. 
was necessary hold the head quite motionless during this long 
and tedious procedure. With practice the pineal could usually 
recognized because its constant and dominant position the 
junction the median quadrigeminal groove and the third ventricle. 
However, very frequently, despite the greatest caution, the pineal 
would become covered with blood clot and unrecognizable and, 
perhaps, occasionally would sponged away. When this was be- 
lieved have occurred area tissue from this accurately located 
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position was removed and examined microscopically. all such 
cases second piece tissue was excised order insure complete 
removal the gland. This, too, was studied with the microscope. 
many instances the pineal area was further treated electric 
cautery needle. times even with the greatest care, death resulted 
from bleeding into the ventricles. Successful complete extirpation 
resulted only about per cent the cases operated upon this 
manner. 


New Method 


The foregoing method was very capricious. practical 
value the pineal body must more easily reached and removed with 
greater certainty and less mortality. Consequently new and 
simple method attack has been evolved. Though more delicate 
and requiring more painstaking care, can done almost easily 
hypophysectomy. The new operation can done less 
than one hour. differs from the preceding operation that the 
pineal reached from front through the third ventricle rather 
than from behind. this way the extensive bleeding consequent 
liberation the vein Galen obviated, sidetracked were, 
and the operation can performed almost bloodlessly. This 
accomplished dividing the splenium the corpus callosum the 
midline for distance about cm. from its posterior terminus. 
This exposes the transparent roof the third ventricle which 
distended the contained cerebrospinal fluid. large anemic 
area visible the midline the roof the ventricle, between 
the two small veins Galen. This perforated 
opening enlarged backward the origin the vena Galena magna 
releasing the blades the forceps. The entire third ventricle 
thus brought full view and the pineal body readily seen under 
the origin this vein, the median quadrigeminal groove. The 
pineal body can easily grasped the jaws the cupped biting 
forceps and completely removed. The accompanying drawings 
Mr. Broedel (Figs. render any description this opera- 
tive procedure superfluous. 

Practically bleeding occurs during the exposure the gland. 
little bleeding follows its removal but this can easily con- 
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Curve weights animals shown Figs. and 6a. The base line repre 
weeks and the abscissa the weight pounds. The solid lines represent the weights control 
line that pinealectomized dog, all being from the same litter. 


6 3 


Text-Fic, similar curve two puppies from lit- 

ter weeks old. The initial weights show great difference. 

The broken line represents the pinealectomized dog, and the 

solid line the control. the end the 6th week the pineal 

was removed from the control dog, which had not developed 

normally. The removal the pineal did not influence the 

growth. 
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trolled minute tampon cotton. With collapsed ventricles 
the bleeding outward through the wound and therefore not 
feared. Not infrequently the aqueduct Sylvius may filled 
with blood. This has never caused any mortality because, before 
closure, the mould clotted blood may readily extracted, the 
aqueduct Sylvius being full view. insure complete excision 
second piece tissue was invariably removed from the pineal 
region. With this method operating there has been, have 
said, practically mortality. is, however, quite easy become 
disoriented, even when following carefully the procedure which 
advocating. bleeding and laceration tissue are avoided, 
they can be, and the midline adhered to, there little danger 
losing one’s bearings. 

every case histological examination made all the tissue 
obtained the operation (Fig. b); and, after death, the 
immediate region from which the pineal was removed. 


Results Following Pinealectomy. 


Our operations for extirpation the pineal have been mainly 
upon young puppies, from days weeks old. these one 
living months after the operation (Figs. and one died 
distemper year after operation (Fig. 8); several survived the 
puppies the confined quarters our laboratory. were, how- 
ever, unable note any difference the resistance the operated 
and the control animals the usual diseases. 

When litters puppies could obtained, one more the 
animals were kept controls. Little importance, however, should 
attached such comparisons because the great variations 
found members the same family. The pineal was also re- 
moved several adult male and female dogs, and three these 
are living longer than four months after the operation (Fig. 9). 


Somatic Development, Adiposity, and Mentality. 


Careful observations have been made the growth the pineal- 
ectomized animals. Skiagraphs have been taken various periods, 
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but there has been evidence either superior inferior somatic 
development adiposity (Text-figs. and 2), save perhaps 
single instance. this animal (Figs. and there was 
slight increase weight for brief period about one year after the 
operation; this disappearing, that now scarcely noticeable. 
might attributable overfeeding. There nothing the 
behavior the pinealectomized animals suggest mental precocity. 


Sexual Precocity. 


have observed nothing support the view that the pineal 
gland inhibits the sexual functions and that its removal followed 
excessive sexual development. Two bitches have lived for 
one year following the removal the pineal; both were heat ten 
months after the operation, when about one year neither 
animal has pregnancy resulted, and neither was any abnormality 
observed the generative organs. 

The pinealectomized young male puppies observed for periods 
from three eight months, contrasted with members the 
same litter, have given evidence sexual precocity re- 
tardation. 


Gross and Microscopic Study the Glands Internal Secretion. 


Examination has been made the various ductless glands which 
were obtained autopsy. none was definite macro- micro- 
scopic change observed. The tissues examined include the thymus, 
parathyroids, thyroid, hypophysis, adrenals, pancreas, liver, spleen, 
lymph glands, testes, ovaries, and mammary glands. 


SUMMARY AND CONCLUSIONS. 


Following the removal the pineal have observed sexual 
precocity indolence, adiposity emaciation, somatic 
mental precocity retardation. 

Our experiments seem have yielded nothing sustain the 
view that the pineal gland has active endocrine function im- 
portance either the very young adult dogs. 

The pineal apparently not essential life and seems have 
influence upon the animal’s well being. 
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pleasure express gratitude Professor Halsted for 
his interest and suggestions during the course this investigation. 


EXPLANATION PLATES. 
PLATE 20. 


Fic. This demonstrates the location the bony opening the skull, the 
reflection the dura over the midline, and retraction the cerebrum, exposing 
the corpus callosum. 

PLATE 30. 
Fic. This demonstrates the method division the splenium. 


PLATE 
Fic. The upper plate (enlarged) demonstrates the splenium divided, ex- 
posing the roof the third ventricle with its Galene parve. The lower 
plate shows the method perforation the roof between these veins. 


PLATE 32. 

Fic. After opening and widening the defect the roof the third ven- 
tricle, the pineal well exposed, shown the upper plate, and easily 
grasped the biting forceps, shown the lower plate. The jaws the 
biting forceps are also shown separately. 


PLATE 33. 


Fic. Puppies days old. The photograph was taken hours after re- 
moval the pineal. The absence any operative glandular effects well 
shown. 

Fic. Litter puppies, which have had the pineal removed and 
which are controls. The operated animals are recognized the shaved heads. 
Photograph taken weeks after operation. 

Fic. Pinealectomized animal (black), months after operation, the 
operation being performed when the dog was weeks old. The white dog 
control. The comparative weights the animals are shown Text-fig. 


PLATE 34. 
Fic. Pinealectomized female dog, months after operation. 
Fic. The same animal, months after operation. This the 
pinealectomized animal showing any adiposity. This has since disappeared. 


PLATE 35. 
Fic. Photomicrograph pineal removed from the dog shown Figs. 
and 
PLATE 36. 
Fic. Dog which the pineal had been removed months previously, 
when the animal was days old. 
Fic. This demonstrates the staring expression which occasionally results 
from injury the corpora quadrigemina during removal the pineal. 
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THE CONCENTRATION THE PROTECTIVE BODIES 
ANTIPNEUMOCOCCUS SERUM. SPECIFIC 
PRECIPITATE EXTRACTS. 


HENRY CHICKERING, M.D. 
the Hospital The Rockefeller Institute for Medical Research.) 
(Received for publication, May 28, 1915.) 


has been noted previous communication (1) that the im- 
mune substances antipneumococcus serum may removed 
specific precipitation with extracts the pneumococcus. was 
further shown that the precipitates, when suspended normal salt 
solution, and less extent when dissolved weak solution 
sodic hydrate, protect susceptible animals against many times the 
lethal dose pneumococcus. The present work further study 
the action the precipitates well extracts precipitates 
made various methods. 

attempt was made render soluble the specific precipitates 
the use weak alkaline salts. the preceding experiments (1), 
appeared that the amount sodic hydrate necessary dissolve 
the precipitates was great that many cases the solution proved 
either toxic for animals had suffered diminution protective 
properties. Such weak alkalis sodium phosphate, sodium biphos- 
phate, and sodium carbonate were not strong enough cause solu- 
tion the precipitate. However, was noted that when sodium 
carbonate was added emulsion the whole precipitate salt 
solution, definite flocculation the suspended particles occurred, 
and the flocculated particles quickly settled down, leaving 
opalescent supernatant fluid which contained protective bodies, ag- 
glutinins, and precipitins. This observation suggested the possibility 
bringing about dissociation the antigen and antibody the 
specific precipitate. 


has been shown Pfeiffer and Friedberger, and Bail and his pupils that 
the formation the antigen-antibody complex that takes place the precipitate 
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which forms when the appropriate bacterial precipitinogen added 
immune serum, relatively loose one, and can dissociated subsequently 
extraction salt solution. 1903 Pfeiffer and Friedberger (2) found that 
when thoroughly washed sensitized cholera vibrios were injected into the peri- 
toneal cavity guinea pig, the guinea pig was able survive second lethal 
dose fresh live cholera vibrios, when injected one two hours later. This 
work has been subsequently confirmed and elaborated Landsteiner and 
(3), Hoke (4), Bail and Rotky (5), Bail (6), and Bail and Tsuda (7); and 
more recently Krauss (8) and Matsui (9) have demonstrated this dissociation 
antigen and antibody, both vivo and vitro. They precipitated the im- 
mune substances normal beef serum with live cholera vibrios and with 
Bacillus typhosus, and determined the optimum relation culture serum and 
the effects varying degrees temperature the formation the precipitate 
and the potency the extracts obtained from such precipitates. many 
plate experiments the bactericidal inhibiting action these extracts the 
growth cholera vibrios has been demonstrated. 


the present work will shown that extracts the pre- 
cipitates formed antipneumococcus serum the addition bac- 
terial precipitinogen not only exert inhibiting influence the 
growth virulent pneumococci vitro, but the extracts contain ag- 
glutinins and precipitins and protect susceptible animals, such 
the mouse and rabbit, efficiently does the original antipneumo- 
coccus serum. the other hand, these extracts contain only 
minimal amount protein compared with the whole serum. 
Moreover, considerable experimental evidence suggests that the 
extracts, and more especially the whole precipitates, produce active 
well passive immunity pneumococcus infection mice. 


Methods. 


certain modifications have been made the methods described 
the first communication, the preparation the bacterial precipi- 
tinogen and the method precipitating the serum are reviewed 
detail. For instance, acetone instead alcohol has been used ex- 
clusively kill the bacteria used the preparation the extract. 
Methods have also been employed for the more complete exhaustion 
the immune serum. 


Preparation Pneumococcus Extracts (Precipitinogen). 


four hour plain broth culture pneumococcus Type Type 
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(10) centrifuged and the bacterial residue washed twice 
normal salt solution. The washed bacterial residue liter 
broth culture then emulsified cc. normal salt solution and 
added slowly volumes acetone. There immediate 
flocculation the bacteria. The mixture then quickly centri- 
fuged within five minutes, and the supernatant acetone decanted. 
The bacterial residue then quickly dried vacuo. The average 


PREPARATION PNEUMOCOCCUS ANTIGEN 


CENTRIFUGED (WASHED) 
SUPERNATANT BACTERIAL RESIDUE 
DISCARDED 
PRECIPITATED ACETONE (10 VOLS) 
ACETONE SUPERNATANT 


DRIED VACUO 

CENTRIFUGED 


SUPERNATANT 


BACTERIAL ANTIGEN DISCARDED 


yield dried bacteria from liter broth about 150 mg. 
The acetone-killed bacteria may stored dry form until ready for 
use precipitating the immune serum. 

The dried bacteria are dissolved normal salt solution, usually 
mg. per cc. shaking thoroughly, the solution the 
bacteria rapid and almost complete. After the bacteria have been 
dissolved completely possible, the solution centrifuged high 
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speed for one-half hour. Usually very small amount sediment 
collects the bottom the tube. The opalescent supernatant fluid 
used the bacterial extract precipitating the immune substances 
from antipneumococcus serum. 

Since acetone does not kill the ferments (Van Slyke and 
(11)) these bacterial extracts may undergo autolysis. Hence 
advisable store the bacterial precipitinogen dry form from 
which fresh extracts can readily prepared when needed. How- 


ever, saline extracts the bacteria have been used after storage 


ice for two months and have shown appreciable decrease 
their ability precipitate immune sera. 

Acetone kills the pneumococcus probably very rapid dehydra- 
tion. Cultures these bacterial extracts are always sterile when 
the procedure carried out with aseptic precautions. Smears 
the bacterial extracts show Gram-negative staining amorphous 
material. determinations made under Mr. Cullen’s direc- 
tion show that the bacterial extract practically pure protein, 
contains 16.2 per cent nitrogen. 


Method Specific Precipitation Antipneumococcus Serum. 


outline the methods employed, showing the method ob- 
taining the various fractions, shown Text-fig. The presence 
absence immune bodies the various fractions also indi- 
cated. These facts are shown detail later. 

antipneumococcus serum, prepared actively immunizing 
horse live cultures pneumococcus Type Type II, 
bacterial extract pneumococcus the corresponding group 
added until the immune serum exhausted its antibodies. 
Testing the absence agglutinins the serum from which the pre- 
cipitate has been removed more accurate criterion complete 
exhaustion the serum than the repeated addition bacterial 
precipitinogen until further precipitate occurs. this method 
possible exhaust completely the serum its protective proper- 
ties. exhaust antipneumococcus serum necessary add 

was the first note that acetone did not kill the oxidases. Van 


Slyke, having prepared active form urease precipitation with acetone, 
suggested its use the preparation pneumococcus extracts. 
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the average the bacterial extract mg. dry weight bacteria 
per serum. makes little difference, regards the total 
amount bacterial extract necessary exhaust given quantity 
serum, whether the precipitinogen added once repeatedly 
small amounts. The precipitate formed the addition the bac- 
terial extract precipitinogen apparent once and very volu- 


SPECIFIC PRECIPITATION FROM 
ANTIPNEUMOCOCCUS SERUM 


ANTIPNEUMOCOCCUS ANTIGEN 


PRECIPITATE (WASHED) SUPERNATANT 


CENTRIFUGED 


minous. The precipitated serum incubated 38° for two 
hours render the reaction complete and then stored ice over 
night, whereupon centrifuged. The supernatant serum fluid 
pipetted off and called exhausted serum. The precipitate 
washed three times normal salt solution, order free com- 
pletely serum, and then ready for extraction. 


Methods Extracting the Protective Substances from Specific 
Precipitates Antipneumococcus Serum. 


Extraction Normal Salt Solution 20° C.—The washed spe- 
cific serum precipitate emulsified normal salt solution one- 
half one-fifth the volume the original allowed 
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stand room temperature for twenty-four hours, being shaken 
occasionally. the following experiments this extract desig- 
nated saline extract. This preparation unsatisfactory, the ex- 
tract does not protect animals highly extracts prepared 
the methods described below. 

Extraction Normal Salt Solution 42° washed serum 
precipitate suspended normal salt solution described above. 
then heated for one hour 42° C., being shaken gently in- 
tervals, after which centrifuged low speed. The supernatant 
fluid from this heated saline emulsion called heat extract. This 
extract contains agglutinins and precipitins, and protects mice against 
many times the lethal dose pneumococcus. 

Extraction Normal Salt Solution 42° with Sodium Car- 
washed serum precipitate suspended salt solu- 
tion described above, and about cc. per cent sodium 
carbonate solution added the precipitate from cc. serum, 
amount sufficient flocculate the suspended particles pre- 
cipitate. flocculated emulsion then heated for one hour 
42° and gently shaken intervals, after which centri- 
fuged. This supernatant fluid designated carbonate extract. 
With this extract the best results have been obtained, both re- 
gards protection animals against pneumococcus infection and 
content agglutinins and precipitins. the preparation 
the extracts, important not subject the precipitates pro- 
longed shaking, this procedure diminishes destroys their anti- 
body content. Shaklee and Meltzer (12) have previously shown 
that prolonged shaking destroys the ferments trypsin and pepsin. 


EXPERIMENTAL, 


Protective Properties Specific Precipitates and Extracts 
Precipitates from Antipneumococcus Serum. 


The whole precipitates, and more especially the extracts the 
precipitates, protect susceptible animals, rabbits and mice, well, 
almost well, the whole antipneumococcus serum. 

Table which protocol one the many protection ex- 
periments which have been done upon mice with various specific 
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TABLE 


Protective Experiment with Fixed Amount Serum Type Serum 
Derivatives Formed Various Methods and Dilutions Twenty-Four 
Hour Bouillon Culture Pneumococcus Type II, Total 
Volume 0.5 Cc. The Mixtures Were Injected Intraperi- 
toneally into Mice. 


Result. 


Mouse No. Protective fluid. Culture. 
5 oe ae ae 0.01 S 5 days 
Precipitate dissolved N/10 sodium 
Precipitate dissolved sodium 
Precipitate dissolved sodium 
Whole washed precipitate, 0.2 cc. 
Whole washed precipitate, 0.2 cc. 
Whole washed precipitate, 0.2 cc. 
Whole washed precipitate, 0.2 cc. 
Whole washed precipitate, times 
concentrated, 0.2 cc. 0.5 cc...... 0.2 
Whole washed precipitate, times 
0.2 cc. 0.5 cc...... 0.001 
Carbonate extract, 0.2 cc. 0.5 0.2 


*In the tables stands for for survived.” 
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precipitates and extracts precipitates both Type and Type 
immune serum, will noted that the whole precipitate dissolved 
sodic hydrate failed protect. This result with alkaline solu- 
tions the precipitates has been noted several times. the injec- 
tion the dissolved precipitate itself does not harm the mice, 
presumable that the sodic hydrate has deleterious effect the 
immune substances the precipitate. the mice receiving whole 


TABLE II. 


Protective Experiment with Fixed Dose Culture Plus Decreasing. Doses 
Serum Serum Derivatives (Same Lot Experiment 1). 


Culture, pneumococcus 


Mouse No. Protective fluid, total volume o.5 cc. Type Result. 

Original serum 0.2 cc.......... 0.01 days. 

0.01 

7 “ “ 0.01 “ 0.01 | 

Carbonate extract 0.2 cc...... 0.01 


serum whole precipitate, those receiving 0.01 cc. culture sur- 
vived, while those receiving the carbonate extract, those receiving 
much cc. culture survived. other words, the carbon- 
ate extract possessed higher protective power than the original 
serum, the whole precipitate. The group animals receiving 
heated extract was not well protected the group receiving 
carbonate extract. This not sporadic result the protective 
action carbonate extracts, for many experiments with different 
lots serum and various samples extracts specific precipitates 
have yielded approximately the same results. Increasing the dose 
whole precipitate concentration does not increase its potency. 
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This same result has been noted when using whole serum con- 
centrated globulin fractions serum prepared the method 
described Avery (13). Apparently there maximum dose 
culture against which possible protect mouse, and increas- 
ing the size the dose the protective agent does not increase the 
protection. 

the other hand, one infects series mice with equal doses 
culture and attempts protect them with decreasing doses 
serum serum derivatives, the results have shown that the pro- 
tective agent excess the needed amount when 0.2 cc. used 
the standard protective dose. Table illustrates this point. 
When mice were infected with doses cc. culture, the 
mouse that received 0.01 cc. original serum was protected 
well the one that received 0.2 cc. serum. titrating this 
manner the protective value the serum derivatives made 
original volume serum, will seen that there some loss 
potency the serum derivatives compared with the original 
serum. But this can explained due the inevitable slight loss 
material during the manipulations incident the preparation 
the specific precipitates and their extracts. 

these experiments the carbonate extract has consistently shown 
greater protective qualities than the extracts prepared simple 
extraction room temperature heating 42° 

Further experiments were carried determine whether re- 
moval the precipitate from the serum completely exhausted its 
protective power, and also whether the precipitate still retained pro- 
tective power after extraction with sodium carbonate. 

From the protocol (Table III) evident that the exhausted 
serum and the salt solution used washing the precipitate free from 
serum afforded protection mice. the process 
washing the precipitate free from the exhausted serum did not 
diminish appreciably its protective substances. The first carbonate 
extract protected well; subsequent extractions the precipitate 
showed but little potency. While single extraction removed most 
the protective substances that are dissociable from the whole pre- 
cipitate, some protective power still existed the residue precipitate 
which could not removed repeated extractions. 
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TABLE III. 


Experiment Show the Comparative Protective Value Serum, Exhausted 
Serum, Wash Water, and Repeated Extraction. 


Mouse No. | 


HH 
HOO 


w 


Intraperitoneally into Mice. 


The Mixtures Were 


Made All Cases Constant Volume, 0.5 and Injected 


Protective fluid. 


Original serum, 0.2 cc. 0.5 


“cc 66. 66. 06 


wash water whole precipitate twice concen- 
wash water whole precipitate twice concen- 
wash water whole precipitate twice concen- 
wash water whole precipitate twice concen- 
Carbonate extract 
Ist extraction, 0.2 cc. 0.5 


Carbonate extract 


Residue whole precipitate after 

carbonate extractions, 0.2 cc. 0.5 
Residue whole precipitate after 

carbonate extractions, 0.2 cc. 0.5 
Residue whole precipitate after 

carbonate extractions, 0.2 cc. 0.5 
Residue whole precipitate after 

carbonate extractions, 0.2 cc. 0.5 


carbonate extract, 0.2 cc. 0.5 


cc. 
0.00001 
0.000001 
Culture I 107 
0.000001 
Culture 
0.1 
0.01 
0.001 
0.0001 


0.1 


0.001 
0.0001 


0.01 


0.001 


Culture 


0.0001 
Culture 107 

0.1 

0.01 


0.001 
0.0001 


Result. 


D., hrs. 


“ec 


D., hrs. 
20 
18 


oe 18 “ee 
days. 


D., hrs. 

days. 
3 

5 


D., hrs. 
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0.001 
0.01 
0.001 
0.0001 
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The carbonate extract and heat extracts contained agglutinins and 
precipitins, but the titer was lower than that the original serum. 
fresh live culture pneumococcus was agglutinated the ex- 
tracts when made the original volume the serum, but not 

The amount protein the carbonate extracts is, course, 
much less than the original serum. The whole serum used this 
experiment contained 4.98 per cent protein. After removal the 
extract the carbonate extract and the residue precipitate each con- 
tained 0.08 per cent protein, about one-sixtieth the amount 
the original serum. will further noted that the protection 
conferred the use such extracts specific, there being pro- 
tection against pneumococcus infection Group extract 
precipitate from antipneumococcus serum Group II, and 
vice versa. 

Experiments like the following have been done ascertain 
whether the protective substances antipneumococcus serum can 
removed live washed cultures pneumococcus. cc. 
antipneumococcus serum, Type were added live washed pneu- 
mococci Type from 150 cc. twenty-four hour broth cul- 
ture. immediate precipitation occurred. After twenty-four 
hours the mixture was centrifuged, the precipitate washed normal 
saline and emulsified cc. normal salt solution. this 
emulsion 0.5 cc. per cent sodium carbonate was added, and floc- 
culation occurred. The mixture was then heated 42° for one 
hour, shaken gently intervals, and then was heated 
56° for one-half hour. After centrifuging, the supernatant fluid 
was pipetted off and diluted the original volume the serum, 
and called carbonate extract (Table IV). The sediment was 
reemulsified and made the original volume the serum with 
salt solution and called sediment precipitate. 

This and similar experiments show that antipneumococcus serum 
can exhausted its antibody content live cultures. ac- 
complish this, relatively much larger quantity live bacteria must 
used exhaust the serum than when bacterial extract em- 
ployed. washed precipitate live agglutinated bacteria, after 
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TABLE IV. 
Protective fluid. Culture I 106, Result. 
Original serum 0.2 cc. 0.5 days. 
“ “ “ 0.01 . “ “ 
“ “ “ “ “ 0.001 “ 
“ “ “ “ “ “ 0.0001 “ “ “ 
“ “ “ “ “ “ 0.0001 30 “ 
“ “ “ “ “ “ “ 0.00001 48 “ 
“ “ “ 0.001 D,, 4 “ 
“ “ “ “ 0.0001 S. 6 “ 
Sediment precipitate, 0.2 cc. 0.5 cc. D., hrs. 
“ “ “ “ “ 0.01 “ “ 
0.000001 


being killed heating 56° for one-half hour, well car- 
bonate extracts therefrom, protects susceptible animals against many 
times the lethal dose pneumococcus. They are not potent 
precipitates and extracts precipitates formed from antipneumo- 
coccus serum acetone-killed bacterial extracts. will seen 
from ‘lable that mice are protected fairly well both the car- 
bonate extract the precipitate and the residue the precipitate 
after removal the carbonate extract. case did the pre- 
cipitates and extracts precipitates antipneumococcus serum, 
treated with live cultures, protect well the original serum. 
The carbonate extracts from these precipitates contain agglutinins 
and precipitins well protective substances. 


The Development Active and Passive Immunity Pneumococ- 
cus Infection the Use Antipneumococcus 
Serum Derivatives. 


The injection specific serum precipitates and extracts such 
precipitates from antipneumococcus serum into mice produces 
certain amount active, well passive immunity pneumo- 
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coccus infection. expected, the specific precipitate 
itself contains bacterial antigen, and presumable that the 
extracts these precipitates certain amount antigen well 
antibody goes into solution. 

well known that the passive immunity conferred mice 
the injection antipneumococcus serum short duration and 


TABLE 
Culture, pneu- Culture, pneu- 
Type No. Type I.+ 

Whole precipitate emulsion, 

Whole precipitate emulsion, 

Whole precipitate emulsion, 

Whole precipitate emulsion, 

Carbonate extract, 0.2 cc. 

Carbonate extract, 0.2 cc. 

Carbonate extract, 0.2 cc. 

Carbonate extract, 0.2 cc. 

Exhausted serum, 0.2 cc. 

Exhausted serum, 0.2 cc. 

Exhausted serum, 0.2 cc. 

Exhausted serum, 0.2 cc. 


These cultures were given days later. 
These cultures were given days later. 


usually disappears after period seven days. the other 
hand, the active immunity response animal the injection 
bacterial antigen does not usually appear until the period passive 
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immunity has passed. determine the presence absence pas- 
sive and active immunity mice response the injection 
antipneumococcus serum and serum derivatives, series mice were 
injected intraperitoneally with 0.2 cc. each (1) antipneumococcus 
serum, (2) whole precipitate derived from antipneumococcus serum, 
(3) carbonate extract the whole precipitate, and (4) exhausted 
serum. After intervals five and ten days, varying dilutions 
live virulent cultures were injected intraperitoneally. 

Table shows that considerable passive immunity was con- 
ferred mice the intraperitoneal injection antipneumococcus 
serum, which immunity persisted for least five days but had dis- 
appeared after ten days. the other hand, the immunity con- 
ferred the carbonate extract persisted ten days least, 
when the period passive immunity had presumably passed. This 
would seem indicate that some degree active immunity had 
been produced the carbonate extract. The mice treated with ex- 
hausted serum showed, was expected, evidence either 
passive active immunity. 

the mice treated with whole specific precipitate, all died when 
infected with pneumocccci five days later. possible that the 
early disappearance passive immunity this case might due 
state lowered resistance caused the injection the large 
amount bacterial antigen contained the whole precipitate. 
After ten days other mice this same group showed considerable 
resistance which must interpreted due active immunity. Ex- 
periments have been carried learn whether the early loss 
passive immunity after the injection whole precipitate, men- 
tioned above, might prevented preliminary heating the bac- 
terial extract used for precipitation. Heating the bacterial extract 
for one hour 56° does not injure its precipitative power. The 
precipitates formed with such heated extracts, however, showed 
differences from those formed from unheated extracts. The passive 
immunity produced the injection such precipitates lasts 
longer than that after the injection precipitates formed with un- 
heated extracts. 
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TABLE VI. 


Protective Experiment with Fixed Amount Polyvalent Serum Serum 
Derivatives and Dilutions Twenty-Four Hour Bouillon Culture 
Pneumococci Type and Type Total Volume 0.5 

The Mixtures Were Injected Intraperitoneally Mice. 


Polyvalent serum Types and bacterial extract Type Precipi- 
tate 

Polyvalent serum, after removal Precipitate bacterial extract Type 
Precipitate II. 

Polyvalent serum bacterial extract Type Precipitate III. 

Polyvalent serum, after removal Precipitate bacterial extract 
Type Precipitate IV. 

Bacterial extract was added all cases until the serum was exhausted 
the corresponding agglutinins. 

All precipitates were suspended saline with sodium carbonate and heated 
42° for one hour, shaking gently. Extracts each were used for protec- 
tion tests, diluted the original volume serum. 


Culture 


Protective fluid. | T 108; Result, Culture II 41. Result. 
Original polyvalent serum, 0.2 
Extract Precipitate 0.2 cc. 
Extract Precipitate II, 0.2 cc. 
Extract Precipitate III, 0.2 
Extract Precipitate IV, 0.2 cc. 
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TABLE VII. 


The Specificity Agglutinins Contained Extracts Specific Precipitates 
from Polyvalent Antipneumococcus Serum. The Extracts Are Obtained 
Extracting the Specific Precipitates (Experiment VI) Saline 
with Weak Sodium Carbonate Heat. 


Polyvalent serum bacterial extract Type Precipitate 

Polyvalent serum, after removal Precipitate bacterial extract Type 
Precipitate 

Polyvalent serum bacterial extract Type Precipitate III. 

Polyvalent serum, after removal Precipitate bacterial extract 
Type Precipitate IV. 


Original polyvalent 
serum dilution. 


I 


+ Culture, pneumococcus! 


Extract Precipitate 


I 


I 
I 


: 10 
: 20 


Type 
Culture 


I 
I 


I 
I 
I 


Extrac 


I 
I 


I 


I 


Precipitate 


Culture 


Original polyvalent 
serum 


I 


+ Culture, pneumococcus 


I 
I 
I 
I 


: 10 
: 20 


Type 
hrs. hrs. 


I 


Extract Precipitate 


Extract Precipitate 


I 
I 
I 


I 
I: 
I 


Culture 


| 
| 


Culture 


All agglutination tests are done the macroscopic method, 0.3 cc. twenty- 
four hour broth culture cc. the serum extract dilution being used. 
Readings are made after hours the water bath 38° and after hours 


ice. 


agglutination occurs usually apparent minutes. 
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TABLE 


The Specific Adsorption Agglutinins from Polyvalent Pneumococcus 
Immune Serum Use Live Washed Cultures the Pneumococcus 
and the Dissociation These Agglutinins from the Specific 
Precipitates. Live Washed Cultures Pneumococci 
Type and Type Were Used Obtaining the 
Precipitates and Extracts from 
Antipneumococcus Serum. 


Polyvalent serum live culture pneumococcus Type Precipitate 

Polyvalent serum, after removal Precipitate live culture pneumo- 
coccus Type Precipitate 

Polyvalent serum live culture pneumococcus Type Precipitate III. 

Polyvalent serum, after removal Precipitate live culture pneu- 
mococcus Type Precipitate IV. 

All precipitates were heated for one-half hour 56° C., and extracted with 
saline carbonate. 

The extracts were used for agglutination tests. 


Culture IT. 


Culture I. 
Dilution of serum. 


ee Dilution of serum. 


2 hrs. | 24 hrs. 


Polyvalent serum after removal Precipitate live culture pneumococcus 


Type 


Polyvalent serum after removal Precipitate III live culture pneumo- 
coccus Type II. 


Extract 
Extract ITI. Extract IV. 


1 
— 
oy 
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The Specific Adsorption Immune Substances from Polyvalent 
Serum Bacterial Extracts and Live Bacteria. 


polyvalent antipneumococcus serum may specifically ex- 
hausted its immune bodies for one the types pneumococcus 
the addition bacterial extract the corresponding type. 
The immune substances the other type remain intact and can 
removed subsequently the addition the appropriate antigen 
(Tables and VII). During the process fractional precipita- 
tion the titer the immune bodies somewhat diminished. This 
diminution may accounted for partly the loss precipitate 
incident the manipulation washing, and partly the supposi- 
tion that the antigen-antibody combination only partially disso- 
ciated. VIII shows that the specific agglutinins may re- 
moved like manner from the polyvalent serum the use liv- 
ing pneumococci place bacterial extracts. 


Nature the Union between Precipitin and Precipitinogen. 


the above detailed experiments has been shown that the pro- 
tective substances antipneumococcus serum can removed spe- 
cifically precipitation with extract the homologous type 
pneumococcus, and that this precipitate, when suspended salt so- 
lution and injected into susceptible animals, will protect them against 
many times the lethal dose pneumococcus. 

has been further shown that the union between the bacterial 
extract (precipitinogen) and the immune substances the serum 
can some extent disunited suitable chemical and physical 
agents. 

The following observations which have made suggest strongly 
that the formation the precipitate actual union occurs be- 
tween the precipitin the serum and precipitinogen the bacterial 
extract. If, before adding the precipitinogen the serum, the 
latter heated 60° for hour, precipitation takes place. 
Nor can the precipitin reactivated the addition unheated 
normal serum. This fact, that precipitins are inactivated heat, 
and them cannot reactivated fresh serum, has already been 
demonstrated Pick Kraus and von Pirquet (15). That 
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union, however, has occurred between the precipitin and precipi- 
tinogen, even the absence precipitate, made evident the 
fact that mixture bacterial extract and heated immune 
serum fresh unheated immune serum added, precipitate occurs. 
The most likely explanation that the precipitable substance al- 
ready saturated with the inactivated precipitins. 

suitable extraction methods shown above, apparent dis- 
sociation antigen and antibody occurs. seems likely, however, 
that, although dissociation has occurred, and the agglutinins and 
protective substances have been set free, permanent change has 
occurred the precipitinogen, for when fresh immune serum 
added the extracts the specific precipitates, even the latter 
concentrated, fresh precipitate forms. 


DISCUSSION. 


These studies suggest that the use precipitate extracts, pre- 
pared described, may offer certain advantages over the use 
whole serum the treatment lobar pneumonia, since the extracts 
possess practically the entire immunizing and protective power 
immune serum, and yet contain very small fraction the serum 
proteins. The patient may thus relieved the strain incident 
the metabolism the large amounts protein contained the 
large quantities serum which now necessary 
altogether probable, moreover, that the symptoms serum 
sickness, which frequently follow the use large amounts 
serum, may lessened, not prevented entirely, the use pre- 
cipitate extracts. precipitates and extracts precipitates are 
able produce the phenomena anaphylaxis and serum sick- 
ness, however, shown the fact that guinea pigs sensitized 
horse serum, acute anaphylactic death may induced the 
injection precipitates precipitate extracts. produce this 
phenomenon, however, fairly large amounts these substances are 
required. 

The extracts precipitates, moreover, may have additional 
advantage over serum alone treatment, that, addition 
conferring passive immunity, they also induce the production 


a 
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some degree active immunity. While the active immunity be- 
comes evident late period that acute lobar pneumonia 
could not much therapeutic importance, yet other, more 
chronic infections, similar active reaction induced suitable 
extracts might prove value. 


CONCLUSIONS. 


The protective substances contained specific precipitates 
from antipneumococcus serum can extracted suitable chemical 
and physical agents, dilute sodium carbonate 42° being espe- 
cially advantageous extractive agent. 

The resulting water-clear extracts, when made the orig- 
inal volume the serum used for precipitation, protect animals al- 
most well does the whole serum. 

The bacterial extracts used precipitating the protective sub- 
stances from the serum act specifically that is, bacterial extract 
pneumococcus Type removes the protective substances from 
Type immune serum only. 

polyvalent serum Type and Type II, the protective 
substances each type may removed independently each other 
the successive addition the homologous antigens. 

Extracts specific serum precipitates contain only one-fiftieth 
one-sixtieth the protein the original serum, and about one- 
the protein the whole precipitate. 

Extracts contain not only protective substances but agglutinins 
and precipitins. 

Extracts and whole precipitates not only confer passive im- 
munity but stimulate the production active immunity pneumo- 
coccus infection rabbits and mice. 
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